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His Majesty Sheikh Sir Hamad bin |; 
Al Khalifah, ruler of the indepenia 
kingdom of Bahrein, map of which 
shown on the left. The Sheikh’s hu 
ing lodge is indicated in the southen 
portion of the map. Here the cou 
practices falconry and gazelle coun 
ing. Part way up the island to th 
west are the winter quarters of th 
pearl fleet. At the extreme northew 
point of Bahrein is the principal cit 
Manama, where the Sheikh has hi 
palace, while on the island of Muhe 
rak just off this port the Impere 
Airways has established an airfel 
The refinery and oil port are shor 
south of Manama on the eastern sii 
of the island. Thirty miles to the we 
of the island lies Saudi Arabia, whi! 
across the Persian Gul} to the eas 
Tran. 








vad bin le 
ide penden 
»f which i 
ikh’s hun. 
e southen| 
» the cour 
elle cour 
ind to th 
ers of th 
> northeat 
neipal city 
sh has his 
of Muha 
e Imperi 
nm airfield 
are show 
astern sit! 
to the wet 
abia, whil 
the east i 





BAHREIN’S PLACE IN WORLD'S 


EN the history of oil there is no lack of the 
picturesque and the unusual but one of the most 
dramatic of its developments in recent years has 
been the rise of Bahrein to its present place of 
importance in the international picture. On an 
island smaller than the average English or American 
county, the very name of which was hardly known 
to the western world until five years ago, has come 
into existence a field that already has yielded ten 
million barrels of oil from a handful of wells and 
that ranks among the top dozen producing countries 
of the world. 

Commercially and strategically Bahrein is the 
outstanding development in the eastern hemisphere 
since lraq, and with Iraq it has brought the Near 
East into a conspicuous position as one of the 
world’s important oil producing areas. Its potential 
output cannot be estimated because the field itself 
has not been fully delimited and because the wells 
thus far drilled are comparatively shallow. One 
deep test is being put down at present with every 
indication of large scale production from horizons 
lower than those previously drilled. Whatever may 
be the result of this test, enough has been learned 
to make certain that production will be materially 
increased and that Bahrein, for many years to come, 
will occupy an important place on the map of the 
world’s oil areas. 

With the completion of the refinery now under 
construction, Bahrein will become a refining as well 
as a producing centre and its location is an ad- 
vantageous one from which to serve the rapidly 
growing markets bordering the Indian Ocean and 
the Western Pacific. It fills a useful function also 
in providing a fuel supply for shipping in its part 
of the world and its possibilities in this direction 
have not been overlooked by the British Admiralty. 

In the period preceding the completion of the 
pipe line that placed the oil of Iraq on the eastern 
shores of the Mediterranean there were doleful 
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predictions as to the effect of dumping this flood 
of oil on markets already overcrowded and in which 
prices had been forced to an unprofitably low 
level. So, in the case of Bahrein, the question has 
been raised as to where its products were to find 
an outlet and forebodings have been expressed 
lest the rapid expansion of its output might upset 
the markets of the Middle and Far East. 

The scare over Iraq proved to be without foun- 
dation. By the time the oil from Kirkuk reached 
Europe a place had been found for it and it was 
absorbed without a ripple of disturbance. The 
statistical position of oil today is far stronger than 
it was at the beginning of 1935. Consumption is 
putting an increasing pressure upon production and 
the output of Bahrein, far from being a menace to 
other marketers, is to be welcomed as relieving, 
to some extent at least, the strain under which 
international markets are laboring. 

In the first half of 1937 the world production of 
oil increased over the corresponding period of the 
preceding year by roundly 100,000,000 bbls. 
Outside the United States, however, the gain was 
only 20,000,000 bbls. or about six per cent, while 
consumption rose by approximately twelve per cent. 
The growth in production took place mainly in 
three countries—Venezuela, Iran and Bahrein— 
while a considerable decline occurred in Roumania, 
Netherland Indies and the Soviet Union. 

Looking to the future it is admitted by all 
students of the situation that the growth of demand 
in the United States is proceeding at a rate much 
more rapid than the extension of supply and that this 
country will be unable, even if willing, to satisfy 
the world’s increasing requirements indefinitely. 
Additional sources of production in the Eastern 
Hemisphere will be urgently needed within the 
next few years. Bahrein’s contribution, while not 
likely to be sufficient to fill the gap, will be of 
welcome assistance in that direction. 
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INDUSTRIAL CITY on a Tropical Island 
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The Story of Bahrein 


“Fifty Miles Distant From the 
Arabian Shore Is the Island of 
Tyles (Bahrein); It Has a Town 
of the Same Name, and Is Famous 


for the Vast Number of Its Pearls.”’ 


So wrote Pliny the Elder nearly 2,000 
years ago. And only yesterday these pearl 
beds, long famous even in the time of this 
ancient historian, yielded first place in 
importance to the millions of barrels of 
petroleum which had lain for ages beneath 
them until brought to the surface by the 
drills of the Bahrein Petroleum Company. 

At present this little island 27 miles long 
and 12 miles across, is the scene of tre- 
mendous activity. After nearly six years of 
prospecting, drilling, development and in- 
tensive construction involving an outlay of 
over $20,000,000, next November will see the 
official opening of a 25,000 bbl. per day 
cracking and refining plant and the inaugu- 
ration of scheduled shipping of products 
from Bahrein to supply the Asiatic, Indian, 
African, and Australasian markets of the 
California Texas Oil Company, Ltd., formed 
a year ago by a merger of international in- 
terests between Standard Oil Company of 
California and The Texas Corporation. 

Drawing its supplies from a zone of 
British influence and marketing them 
chiefly in British territories, the Bahrein 
Petroleum Company has adopted the 
policy of manning its operations largely 
with British subjects. Despite the dreaded 


34 


humid climate of the Persian Gulf the lot of 
company employees on Bahrein Island is to 
be a fortunate one, as the air-conditioned 
houses, hospital, steam laundry, clubs and 
sports facilities are to be as modern and 
adequate as is the drilling, refining and 
laboratory equipment itself. 

Bahrein Island is principal among the 
14 islands comprising the Bahrein shaikh- 
dom. This independency is ruled over by 
His Majesty Shaikh Sir Hamad bin Isa Al 
Khalifah, who owns allegiance to none save 
for his close treaty relations with His 
Britanic Majesty. To this friendly power 
Bahrein owes much in the way of protection 
and development since it was freed from 
Portuguese oppression nearly 300 years ago. 
Today the British maintain a Political 
Agent with his staff, including customs 
port and medical officers, a strong naval 
base and an excellent airport (Imperial 
Airways). In addition Shaikh Sir Hamad is 
fortunate in having as advisor to his own 
government, Charles Dalrymple Belgrave, 
an English soldier and scholar, whose years 
of experience among various peoples in 
Africa adapt him peculiarly to the ad- 
ministrative duties he has had for the past 
12 years at Bahrein. Mespers, recently 
reorganized as Gray, McKenzie and Co., 
Ltd., and Eastern Brank, Ltd., also have 
resident British staffs. An American Mission 
has been maintained on the Island for 48 
years by the Dutch Reformed Church. 

Representing in every particular the most 
modern producing and refining equipment 
and technique known to American practice, 
the company’s operations called for a con- 
siderable force of American engineers and 
operators during construction and _ first 
operation. The company, however, is going 
even beyond its initial commitments in 
endeavoring to replace Americans with 
British subjects. Recognizing that a high 


turnover during the next few years i 


inevitable an extensive program is no 
under way in England, aimed at selectin; 
men of ability and character for poss 
ranging from skilled mechanics to th 
highest executives. Owing to the grex 
distance of the plant from company hea‘. 
quarters and the type of problems whic 
inhere in any isolated foreign operation th: 
company is making unusual efforts 1 
maintain the highest of personnel standards 
It has adopted, moreover, a_far-seeing 
policy which takes into account th 
possibility of drawing upon the Bahreis 
organization for experienced and tested mer 
to get other similar projects under way 
and when the extensive exploratory ani 


Burial mounds on Bahrein for which no aie 

quate explanation has as yet been discovered. 

The mounds are shown in the northwest por 

tion of the Island on the map, page 32; not 

the size of the mounds in comparison with th 
automobile. 





WORLD PETROLE! 





= 


— —- — oe 


o - 


—-~ 7Oo 2 


a = fg so es 





years i 

is noy 
selecting 
OF post 

to the 
he great 
ny heat. 
ns which 
ation the 
fforts t 
tandards 
far-seeing 
unt — the 

Bahreis 
sted mer 
er way | 
tory and 


th no ale 
discoveret. 
hwest por 
p 32; not 
in with the 





ROLEUS” 





= 
= 
= 
= 
= 





development activities now in progress by 
the same interests in Arabia, Egypt, East 
Indies and elsewhere are rewarded with 
further production. Such an outlook cannot 
fail to attract many young men of capacity 
and character. 

To warrant the interest and loyalty of the 
high type of personnel sought, the com- 
pany realizes that it has obligations in 
return. Unstinted attention is being given 
to housing, health, recreation and other 
facilities for the general welfare of em- 
ployees. While conditions were naturally 
overcrowded during the construction period, 
work is under way which shortly will pro- 
vide every European member of the organ- 
ization with and individual 
air-conditioned quarters. 

“Bapco City” is situated on the elevated 
ground close by the edge of the producing 
field. This location was selected partly for 
its convenience to the operations and partly 
for the improved climatic conditions ex- 
isting here above the surrounding low land 
of the Island. The first group of 36 five and 
six room cottages and four and six room 
bachelor quarters were constructed of 
native stone masonry with high ceilings and 
wide verandas, following the usual practice 
in this part of the world. Experimental 
work was started immediately aimed at de- 
termining what type of building and of air 
conditioning equipment was best adapted 
to local conditions. As a result the second 
group of 35 five room cottages was scientif- 
ically designed for air conditioning. They 
are equipped in every respect to conform to 
the highest standards of comfort and con- 
venience found in small modern homes in 
America. The architect who designed these 
houses has recently been sent to Bahrein 
to study local conditions and complete de- 
signs for extensive additions to Bapco City. 

Owing to the isolation of the Island it is 
essential to provide within its confines for a 
wide diversity of interests in recreation and 
general employment of leisure. A com- 
fortable and well equipped club furnishes a 
bar, reading rooms, and various indoor 


comfortable 


games. Outside are tennis and squash courts 
and a large swimming pool. Nearby is a 
nine-hole golf course and facilities for trap 
and skeet shooting as well as for cricket and 
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Panorama of the refinery at Bahrein taken 
shortly after completion. Right, a striking 
view of part of one of the units of Bahrein- 
Petroleum Company’s new modern and ef- 
ficient plant in the Persian Gulf. 


soccer. A few minutes away a beach club, 
including a fresh water swimming pool to 
supplement the gulf bathing and a pavilion 
equipped for picnic suppers, is now under 
construction. A yachting and out-board 
motor boat club is being organized. Owing 
to its healthful nature and the exceptionally 
fine conditions for small boats, the com- 
pany is promoting this activity with special 
interest. The purchase of all necessary 
equipment for as many employees as 
choose to participate is being financed by the 
company. All these recreational facilities, 
although provided for company employees, 
are available to other Europeans on the 
Island. 

Among the public buildings is the theater 
and school house, completely insulated and 
air conditioned, with an auditorium capable 
of seating 250. Several modern classrooms 
and an English school teacher are provided 
for the children of the community. For 
adults have 
through correspondence courses, 
covering a wide range of professional and 


arrangements been made 


which 


cultural studies, are conveniently available. 
The theater has the latest type of motion 
picture projector and sound equipment. 
Wives of European and American em- 
ployees, numbering at present over 80, have 
been active in organizing social and cultural 
programs. While this aspect of remote and 
isolated operations ordinarily receives less 
notice than it deserves, the company ap- 
preciates their 
strengthening and stabilizing the morale of 


profound influence in 
the entire organization and expects to give 
no less attention to the women’s interests 
than to those of the men. 

When the California Texas Oil Company, 
Limited, was formed the established mar- 
keting facilities of those companies affiliated 
with The Texas Company in Asia, India, 
Africa and Australasia were taken over in 
the merger. This means that the output of 
the modern refinery of The Bahrein Petro- 
leum Company, Limited, will be distributed 
by the California Texas Oil Company, 
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Limited, and its affiliates, through old and 
established merchandising organizations 
which are thoroughly established in the 
markets and will continue to serve their 
thousands of dealers and customers. 

In addition to the widely established bulk 
facilities conveniently located throughout 
the markets, new terminals have recently 
been erected for the distribution of Bahrein 
fuel oil and Bahrein Diesel oil. This bunker 
service already has been widely used by 
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Left: The comfortable in- 
terior of one of the houses 
provided for employees on 
Bahrein and, below, the 
main camp at Bapco City 
with cottages, hospital and 
camp. The refinery is lo- 
cated in the right back- 
ground. 


many of the great shipping lines and is a 
development of prime importance to every 
shipowner operating in the area. 

The construction of facilities for shipping 
and refining Bahrein oil was started on 
December 30, 1933, when the Standard Oil 
Company of California tanker EL SEGUNDO 
sailed from San Pedro harbor with men, 
equipment, tools, and supplies to install 
gathering and loading facilities. The EL 
SEGUNDO dropped anchor three miles off- 





shore from Sitra Island, which is adjacent 
to Bahrein Island, on February 22, 1934 
She served as headquarters for the con. 
struction force that installed the 10 mile 
gathering system, 250,000 bbl. steel tank. 
age, and a submarine loading system capa. 
ble of delivering crude oil to a mooring 
16,000 ft. offshore at the rate of 5,700 bbl. 
per hour. On June 7, 1934, 105 days after 
arriving at Bahrein, the EL SEGUNDo de. 
parted with the first cargo of crude oil from 
the Island. 

The speed with which this first installa. 
tion was accomplished is characteristic of 
the subsequent construction work at Bah. 
rein. In the summer of 1935, consideration 
was given to the construction of a refinery, 
and, in fact, some preliminary design work 
was started for a crude topping plant. Early 
in November of that year a definite program 
for the first unit of refinery construction was 
approved. This consisted of a 14,000 bbl. 
crude still, a lead sulfide sweetening plant, 
an SO: treating plant for kerosene, tankage, 
and necessary auxiliary facilities. The crude 
still, together with auxiliary equipment re- 
quired for its operation, was completed 
June 30, 1936, eight months after its 
authorization. 


During the summer of 1936, the decision 
was reached to increase the crude running 
capacity to 25,000 bbl. and to add crack 
ing, reforming, and gasoline finishing equip 
ment, together with their necessary auxil- 
iaries. The construction of any one element 
of this program within the time allowed 
would perhaps not be an unusual task, but 
the procurement and delivery of ove! 
22,000 tons of equipment comprising several 
thousand items supplied from all over the 
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world and its erection on a barren island 
where no skilled labor is available, within 
the time that is usually considered short 
for any one part of the project, made 
the successful completion of this under- 
taking an exceptional accomplishment. 

In order to meet the marketing schedule 
that was set up by the new company, it was 
necessary to complete the construction of 
each refinery unit at the earliest practicable 
date. The various parts of the program were 
released for design and construction at 
different times, but the entire project was 
completed within 16 months from the date 
of approval to proceed with the first unit. 

The construction project, including prac- 
tically all the designing, was directed by the 
Standard Oil Company of California from 
San Francisco, which is almost exactly 
half way around the world from the site. 
Although some of the design work was done 
by Universal Oil Products Company in 
Chicago and The Texas Company in New 
York, all material orders were placed from 
San Francisco. Aside from sand and stone, 
practically no materials for construction 
were available at Bahrein. Some minor 
items were procured in India, but the bulk 
of material and equipment had to be sup- 
plied from the United States and Europe. 
In all, over 22,000 tons were delivered to 
Bahrein between the fall of 1936 and the 
summer of 1937, about two-thirds of which 
came from the United States and one-third 
from Europe. Lumber and _ considerable 
fabricated equipment, such as_ cooling 
towers, heat exchangers, pumps, and the 
like, were shipped across the Pacific by way 
of Bombay, requiring approximately 70 
days in transit. Pressure vessels, hot oil 

pumps, power plant equipment, fabricated 
piping, and a long list of special materials 
required for construction of a refinery were 
shipped from various parts of the United 
States, across the Atlantic either directly to 
Bahrein or by way of some European port, 
requiring between 28 and 50 days. The 
pressure vessels, ranging in weight up to 116 
tons each, and other heavy equipment were 
transported in specially rigged ships char- 
tered for the purpose. Most of the tankage, 
cement, fire brick, some of the fabricated 
piping, structural steel, and many other 
items were shipped from Europe, where 
engineering and purchasing representatives 
were stationed to insure prompt delivery of 
proper materials for the purpose. Transit 
time from Europe to Bahrein averaged 
about 30 days. 

To insure completion of the project 
within the limited time allowed, it was 
necessary to have a carefully worked out 
schedule for design, material deliveries, and 
construction. Every effort was bent toward 
completing designs in time to permit 
securing competitive bids, in order to take 
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advantage of world market prices. An 
important activity was the inspection 
service that was required throughout the 


SUMMARY OF PRINCIPAL PARTS 
OF BAHREIN REFINERY 


DATE 
PLANT DESIGN DATE CONSTRUC- 
EQUIPMENT STARTED TION COMPLETED 
Crude still, and al- 
terations to the 
existing crude 
still .. 2... July, 1936 April, 1937 


Two Dubbs creck. August, 1936 First Unit 


ing units October, 1937 
Second Unit 
November, 1937 
Reformer. . August, 1936 August, 1937 


Acid treating plant 

for cracked gaso- 

Ee . Sept., 1936 
Clay vapor phase 

treating plant for 


August, 1937 


cracked gasoline Sept.,1936 Sept., 1937 
Acid manufactur- 

ing plant, 20 

tons capacity Nov., 1936 June, 1937 


Lead sulfide treat- 
ing plant for 
sweetening of 
gasoline and 
kerosene... ... 

Power plant, con- 
sisting of two 
3,000 kw. turbo- 
generating sets 
and two 80,000 
Ib. capacity, 600 
Ib. boilers : 

2,000,000 bbls. of 
steel tankage. . . 

Marine loading fa- 
cilities, consist- 
ing of additional 
pumps and one 
more sea line to 
the mooring 
16,000 ft. off- 
shore..... 


August, 1936 June, 1937 


Sept., 1936 July, 1937 


July, 1936 June, 1937 


January,1937 July, 1937 


United States and in Europe to insure that 
materials and equipment of acceptable 
quality and correct dimensions were sup- 
plied, because there is no opportunity at 
Bahrein to make substitutions out of stock 
locally available nor are the local facilities 
adequate for making extensive alterations. 

Materials supply was seriously delayed 
by protracted strikes that occurred in the 
United States, the flood in the Ohio Valley, 
and the sudden quickening of business in 





A moment of relaxation on Bahrein 
where a swimming pool, tennis and 
squash courts, golf and trap shoot- 
ing facilities are provided. Yachting 
in the Persian Gulf is being en- 
couraged by the company. 


the United States and Europe, all occurring 
early in 1937. These delays in delivery 
threw an unexpected burden upon the con- 
struction force toward the end of the pro- 
gram. All materials were received at ship- 
side three or four miles offshore and were 
transported ashore in barges and native 
dhows. Most of the pressure vessels were of 
such dimensions that they were floated 
ashore, although some of the thicker ones 
were too heavy to float and had to be 
handled on specially rigged barges. The 
larger vessels grounded between one-half 
and one mile offshore and had to be rolled 
or skidded from that point to dry land. 
Most of the American engineers and 
special refinery constructors were supplied 
by the Standard Oil Company of California. 


Typical of construction work in the 

East is this anacient and modern 

combination of an elephant and a 

steam roller for grading and com- 
pacting the earth. 
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They were supplemented by skilled me- 
chanics from the British Empire and local 
labor. 


PERSONNEL AT PEAK OF CONSTRUCTION 


American engineers and specially skilled 

refinery constructors................. 
British skilled mechanics.............. . 200 
Iraqi and Indian mechanics.............. 100 
ig ait ORG ath wid & eaters bea 


All drawings and instructions to the field 
were transmitted by air mail from San 
Francisco, requiring an average of 16 days 
in transit. More immediate communication 
was maintained by daily exchange of cables 
in order to keep the various parts of the 
project coordinated. 

Airplane transportation for personnel was 
used extensively. Most of the 300 American 
and British engineers and special me- 
chanics were transported from Europe to 
Bahrein by plane, in order to conform to the 
construction schedule. The trip by plane 
requires four to five days, against two to 
three weeks for overland travel. 

Among a number of interesting problems 
which called for a combination of modern 
engineering technology and applied psychol- 
ogy might be mentioned that of fire protec- 
tion. Always classified among the hazardous 
industries, a refinery isolated from all out- 
side and 
largely, as to numbers, by inexperienced 


sources of assistance manned 


Arabs and Indians, demands exceptionally 
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careful study. Merely to follow the best 
design practices and to provide the most 
modern fire prevention and extinguishing 
equipment is not enough. The typical native 
of this region is a curious anomally of fear- 
lessness and fearfulness and is as likely to 
rush into an explosive area at one moment 
as he is to flee from a cloud of smoke at the 
next. A carefully worked out program of 
typical oil fire situations has been developed 
with the aim of teaching these employees by 
actual demonstrations how to avoid fires 
and how to assist in extinguishing them 
without undue hazard. Emphasis is put 
upon a few simple principles: that fires start 
because of carelessness or breaking rules; 
that fires can be put out by experienced 
Euporean operators; that it is safe to go 
where these operators go and do what they 
do; and that it is unsafe to go anywhere else 
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or do anything else. To instill such discipling 
into men who have inherited a racial ab. 
horrence of discipline is itself a problem, Ap 
experienced Fire Protection Engineer qe. 
votes full time to this and related problems 

The cracking equipment consists of tyy 
Dubbs units. Each of the units has a sectigy 
for heavy oil cracking, light oil cracking 
coking, naphtha stabilizing, and gas ab. 
sorption. The charging stock is made up of 
fuel oil and gas oil from the crude distilla. 


Left: A portable rotary operating on Bah. 
rein; below, a fenced-in flowing well, on 
of many that have already made Bahrein 
potentiaily significant to the world oil indy. 
try; right, gathering tanks in the field, 

whence oil flows to refinery storage, 
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tion units and bottoms from the reformer 
and the clay vapor phase treating plant. The 
units are operated as two-coil, full flashing 
selective cracking and may be regulated 
produce either tar or coke bottoms. 
Cracking takes place in two furnaces, om 
of which is charged with bottoms from th 
main fractionating column and the other 
with a side cut from the same column. Th 
stock from the furnaces discharges into 
reaction chamber and thence into a fla 
chamber, from which tar is drawn and ée 
livered either to the coking furnaces or' 
storage. The vapors from the flash chambe 
go to a main fractionating column fro 
which tar is drawn and delivered either! 
the coking furnaces or to storage. The vay 
ors from the flash chamber go to a mall 
fractionating column from which the cracket 
naphtha passes overhead. The feed sto 
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enters the system at the coke fractionating 
column. After being preheated in this 
column by the vapors from the coke chamb- 
ers, it is fed to the main fractionating 
column. Coke is removed from the coke 
chambers with special coke boring equip- 
ment and is loaded into dump trucks and 
hauled either to storage or to the loading 
terminal for shipment. 

The furnaces, which are all of the Equi- 
flux type, were designed by Universal Oil 
Products Company, together with the other 
cracking plant equipment, and operate on 
cracked gas with fuel oil standby. The 
tubes are of 18-8 chrome-nickel steel and 
calorized chrome molybdenum steel, de- 
signed to resist corrosion at high tem- 
peratures. All of the reaction chambers, 
flash chambers, and the lower parts of the 
fractionating columns are lined with 13 
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percent chrome steel sheets. All lines and 
fittings handling high temperature, cor- 
rosive of 4-6 
chrome steel. The charging pumps for the 


stocks are made percent 
furnaces are of the plunger type and are 
driven through gears by condensing tur- 
bines that operate on 550 lb. steam. Most 
of the other pumps are of the centrifugal 
type and are driven by electric motors. A 
few critical pumps are provided with dual 
turbine and motor drives so arranged that 
the turbines will take the load in the event 
of any electrical failure. Instruments have 
been provided to make the equipment self- 
operating in so far as that is practical and to 
insure uniformity of products. 

The reformer unit operates on heavy 
fractions from the crude distillation units. 
This plant also includes a Gray treating 
unit and a stabilizing unit. The general 





design, pumping equipment, and instru- 
mentation for the reformer unit are very 
similar to those described for the cracking 
unit. 

The development of the Bahrein refinery 
power plant well portrays the rapid growth 
of the entire project. When it was first 
decided, late in 1935, to build a refinery 
there was still question concerning its 
size and type. To suit the modest begin- 
nings it was thought that three 150 kw. 
generators would meet the requirements. 
During the progress of design, however, 
and with the accumulation of data concern- 
ing the character of feed water available 
for producing steam, the 


power plant 


jumped to three 250 kw. Diesel driven 
generators. With the addition of the SO, 
treating plant new demands for both elec- 


tricity and steam were created. Accord- 


39 





ingly, in spite of the anticipated boiler 
water difficulties it was necessary to build a 
steam power plant. For this purpose a 1,250 
kw. steam turbine unit and a 40,000 Ib. 
capacity, 600 lb. pressure boiler were added. 





The turbine was a double automatic extrac- 
tion machine that supplied the SO, plant 
with both low pressure and high pressure 
steam that was returned to the boiler hot 
well in the form of condensate. 

The new refinery expansion approved in 
1936 changed the entire power require- 
ments. In addition to a very large increase 
in electrical requirements, there was a sub- 
stantial demand for high and low pressure 
steam that could not be returned to the 
power plant. After the principal demands 
for power and steam were determined for 
the new process equipment it was decided 
to extend the power plant by installing two 
3,000 kw. condensing turbo-generator units 
with double automatic extraction; two 
80,000 Ib. capacity, 600 lb. pressure boilers; 
and evaporating plant to provide the re- 
finery with 110 lb. and 25 lb. steam, and the 
necessary power plant auxiliaries. The re- 
quirements were established in September, 
1936, and construction of the plant was 
completed in July, 1937. 

Normally the refinery steam and power 
requirements will be carried by the 1937 
plant addition, and the 2,000 kw. original 
installation will be used as standby. Esti- 
mated demand for the complete refinery is 
5,250 kws. of electricity and 120,000 Ib. per 
hour of 600 Ib. steam. All of the steam is 
generated from distilled water and either 
passes through the power plant turbines or 
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condensing cracking plant pumps, the 119 
Ib. system for miscellaneous pumps, an 
the 25 Ib. system for process requirement: 

The discovery well, the first well drill 
on the western side of the Persian Guy 
came in at a depth of 2,008 ft. in June, 193) 
Orderly development disclosed a field of 
major size, geologically an elongated anti. 
cline, with several hundred feet of produ. 
ing section. To date 11,000 acres have bee 
proved productive by 50 wells on 3,000 f ‘ 
spacing. All wells come in flowing and sony 


Well No. 1 on Bahrein, the beginning of a strategically 

located source of crude and refined products in the Middle 

East; right, the loading pier at Sitrah, shown on the map, 
page 32. 


supplies steam to the large turbine driven 
hot oil pumps at the cracking plant. To 
meet refinery requirements steam is ex- 
tracted from the main turbines at 165 lb. 
and 55 lb. and the remainder goes to the 
condensers. The 165 lb. bleed steam is fed 
to high pressure evaporators in which 110 
lb. refinery steam is produced from treated, 
but not distilled, water. The 55 lb. steam 
goes to low pressure evaporators to generate 
25 lb. steam for refinery process purposes. 

All power plant equipment is located on 
the ground floor except the condensers, 
which are placed in the basement. A steel 
frame building with stucco exterior and a 
corrugated asbestos roof houses the turbo- 
generators, feed and fuel pumps, electric 
switching equipment, and the boiler aisle, 
together with the boiler fronts and boiler 
instruments. The rest of the boilers, 
together with the forced and induced draft 
fans, feedwater heaters, evaporators, and 
water treating equipment are all located out 
of doors. This construction provides ade- 
quate housing for the operators and also 
protection of less rugged equipment from 
sandstorms, which prevail in this region. 
Power is distributed to the refinery at 440 
and 2,300 volts and is stepped up to 11,000 
volts for transmission to the loading ter- 
minal at Sitra and to the camp and produc- 
ing field. Three different steam systems 
extend from the plant into the refinery; 
namely, the 550 lb. system for the large 
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‘ 
have tested more than 20,000 bbl. daily, { 
with an average of about 7,000 bbl. dail ( 
The wells have an average depth of 2,25) \ 
ft. and produce from Cretaceous limestone ‘ 
and sandstone. ‘ 

The drilling history of the producing wells i 
is of interest. Many types of drilling equip. ‘ 
ment—spudders, cable tools, portable rota. : 
ries, steam rotaries, and combination—an¢ f 

* all common drilling methods have beey t 
compared under unusual conditions. It was [ 
found that drilling-in under pressure with 
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cable tools was slow because cuttings could 
not be bailed or flowed off bottom when 
drilling between pays, also that drilling-in 
with rotary using weighted mud damaged 
the pays. This partial mudding off of pay 
was permanent even though the wells were 
flowed open to clean up and were thoroughly 
washed with water and oil. It was definitely 
proved that drilling time could be cut in 
half, costs lowered one-third to one-half, 
and larger wells obtained by drilling the 
entire hole with rotary and drilling-in under 
pressure with rotary. A standardized proce- 
dure of rig building, moving, and drilling 
with portable rotaries has been adopted. 
The first 1,500 ft. of hole is cavernous lime- 
stone and is drilled without returns. Drilling- 
in with rotary, circulating oil and flowing 
against back pressure, has been entirely 
successful even when thick shale bodies are 
penetrated. The location and capacity of 
the pays are accurately logged, good sam- 
ples are obtained, and caving is negligible. 
Liner and tubing are set under pressure. 


id 
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| 





AK WS 
\ \\ ROO N 


High pressure turbo generator, part 
of the power plant capable of pro- 
ducing 6,000 kw. 


The cumulative production of the field 
was approximately 10,000,000 bbl. on July 
1, 1937. This oil was produced on a rather 
irregular production program while drilling 
and refinery construction work was under 
way. Production is gathered at five degas- 
sing stations to avoid duplication of facili- 
ties and evaporation losses. The field is 
produced at only a fraction of its potential 
under thorough engineering supervision. 
The pressure-production characteristics of 
each well are obtained; complete reservoir 
pressure surveys are made _ periodically; 
water advance is observed in wells drilled 
for this purpose; all gas production is 
metered; and pressure-volume-temperature 
studies are made of the reservoir fluids. 
Nearly all wells have been acidized to im- 
prove flowing characteristics and the result- 
ant average increase in potential is over 200 
percent. 

All products from Bahrein Refinery are 
necessarily distributed by marine transpor- 
tation. Bulk cargoes are pumped from the 
refinery to Sitra Island, about three miles 
distant, where shipping tanks and a booster 
pump station are located at the shore end 
of the loading lines. The refinery is con- 
nected with Sitra by one 16 in., two 12 in. 
and one 10 in. lines. From here the loading 
system consists of five submarine lines, viz; 
three 12 in., one 10 in. and one 8 in. 
extending three miles offshore to the steel 
loading docks. These docks, located in 50 
ft. of water, have just been constructed. 





























Formerly heavy hose was used for con- 


necting the oil lines to the ships but rather 
than continue a practice which experience 
elsewhere has shown to be questionable from 
the standpoint of contamination in case of 
hose rupture or leakage, the steel oil lines 
have now been brought up from the bottom 
and arranged for normal oil loading practice. 
Two of the largest ships can be loaded 
simultaneously at rates up to 6,000 bbl. 
per hour even for crude and fuel oil. 

Steel barges of adequate capacity are 
available at this terminal for supplying 
bunkers independently of the cargo loading 
systems, if required. Packaged goods are 
transferred by lighter from the company’s 
freight wharf on Sitra Island to the ships. 

The harbor is a natural one and well 
protected. The approach from deep water 
in the main route up the Persian Gulf is a 
straight, well marked course having a mini- 
mum depth of 40 ft., with 50 ft. at the 
loading wharf. A lightship is stationed at 
the entrance to the channel approximately 
30 miles from the terminal. 

At present most of the tankers in the 
company’s service operate under charter 
arrangements. The new 12,000 ton Holland- 
built NEDERLAND, however is company- 
owned, as is a 17,000 ton tanker nearing 
completion in Germany. Likewise company- 
owned are approximately 50 harbor and 
coastwise vessels for both bulk and package 
distribution. Marine equipment is under the 
direct supervision of a Marine Superinten- 
dent with headquarters at Bahrein Island, 
whose staff includes Mooring Masters to 
assist incoming vessels. 














EARNINGS APPROXIMATE 1929 Level 


Despite Lower Prices. Higher Costs 


By Henry E. Rose 


Fifteen Representative Oil Com- 
panies Reported Aggregate Net 
Profits for First Half 1936 as 
$61,522,000, Almost Equal to 
Profits for the Same Companies 
During First Half of 1929, in Spite 
of a 20 Percent Decrease in Over- 
all Gasoline Prices, 45 Percent 


Increase in Labor Costs and 126 


Percent Inerease in taxes. 


Atuovucu the American 


industry 


petroleum 
experienced a continuance of 
record-breaking sales in the three months 
ended September 30, last, its profits, 
because of higher labor costs and an un- 
settled price structure for gasoline in 
various areas, are not likely to register the 
same large increase over last year as did 
those in the first and second quarters. 
Exceptions to the general trend will be 
several instances, 


such as Phillips Petroleum Co. and Skelly 


apparent, however, in 


Oil Co., both integrated companies with 
more crude production than their refinery 
requirements, and Plymouth Oil Co., a 
solely producing company. 

Among leading fully integrated compan- 
ies whose marketing operations have not 
been affected materially by price unsettle - 
ment and whose profits are likely to run 
ahead of both the June quarter, last, and 
the September quarter of 1936, may be 
included Tide Water Associated Oil Co., 
The Texas Corp., Standard Oil Co. of 
California, Union Oil Co. of California and 
Ohio Oil Co. All of these companies report 
profits on a quarterly basis. 
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For 27 companies, whose shares are 
listed on leading securities exchanges, net 
profits in the first six months of this year 
aggregated $188,869,440 against $126,274, 
274 in the corresponding period of 1936, 
an improvement of 50 percent. 

Twenty-one of these companies in the 
three months ended June 30, of this year, 
scored a gain of approximately 52 percent 
over the similar period of 1936 while these 
same companies, in the March quarter of 
this year, registered an increase of almost 
80 percent over the similar period in 1936. 

The two leading West Coast companies, 
Standard of California and Union Oil, 
came through the first half with the largest 
gain in net profits. In large measure the 
improvement was the result of a bettered 
price structure in the first three months of 
this year over the same period of 1936. 

Union Oil’s net income of $5,200,000, 
equal to $1.11 a share of common stock this 
year, was a betterment of 160 percent over 
the first half of 1936. Standard Oil Co. of 
California’s net of $17,780,190, equal to 
$1.36 a common share, was an increase of 
99 percent over 1936. 

Of other major companies which report 
on an interim basis, Continental Oil ranked 
in third place. Its net profits amounted to 
$7,884,529, equal to $1.68 a share of com- 
mon, an increase of 82 percent over the 
first six months of 1936. Phillips Petroleum 
Co., with net of $12,679,080, equal to $2.85 
a common share, showed an improvement 
of 73 percent; The Texas Corp., with offi- 
cially estimated net of $27,000,000, equal 
to $2.48 a common share, was up 70 per- 
cent; Socony-Vacuum Oil Co., Inc., with 
estimated $32,000,000 equal to $1.01 a com- 
mon share, showed a gain of 60 percent. 
Ohio Oil Co. and Skelly Oil Co. each re- 
ported an increase of 53 percent; Tide 
Water Associated Oil Co. of 45.8 percent; 
Consolidated Oil Co. of 30 percent and 
Mid-Continent Petroleum Co. of 29 per- 
cent. 

Standard Oil Co. of Indiana, reflecting 
largely an adverse price situation in its 
territory, showed an improvement of only 
27 percent in net profits in the first half 
of this, year—$27,904,211, equal to $1.83 a 
common share against $22,015,537, equal 
to $1.45 a common share. The improve- 
ment for Sun Oil Co. this year amounted 
to 26 percent and for Atlantic Refining Co. 
to 9.6 percent. 


Shell Union Oil Corp., mirroring in par, 
the unsettlement in refined products prices 
in the middle west where it does a syb. 
stantial business, reported net income in the 
first half of this year of $8,480,927, equal to 
57 cents a share on common stock against 
$9,301,823, equal to 63 cents a share 4 
year ago. Its 1936 profits, however, included 
a non-recurring profit of $2,909,807 from 
the sale of a property. Eliminating this 
latter item, Shell Union’s results, from q 
strictly operating viewpoint, scored a gain 
of about 33 percent this year. 

It is now evident, even in face of higher 
operating costs, that the American industry 
this year heads toward its best profits in 
almost a decade. Some companies, as a 
matter of fact, will establish new all-time 
records, assuming that there are no unusual 
disturbances during the remainder of this 
year, such as a severe price recession. 

It is interesting, in comparison, to observe 
how the current year’s first half profits line 
up with those in 1929, the boom year. For 
15 identical companies (others did not 
report on an interim basis in the earlier 
year), profits aggregated $61,522,000 against 
$65,799,000 in 1929. 

Of these 15 companies, seven this year 
showed increases over the earlier year and 
the remainder decreases. Notable among 
gains are Phillips, whose first half net this 
year amounted to $12,679,080 against 
$8,510,807 in 1929; Tide Water Associated 
Oil Co. with $7,696,701 versus $2,900,652; 
Continental Oil Co. with $7,884,529 versus 
$2,200,526; Amerada Corp. with $1,070,106 
versus $354,414; Seaboard Oil Co. with 
$1,230,218 versus $11,456, and Skelly Oil 
Co. with $3,435,917 versus $3,198,936. 


INCREASED EFFICIENCY 


It is a tribute to the industry that, des 
pite increasing labor costs and corporate 
taxes, it has been instrumental in building 
up its profits in recent years principally 
because of improvements in the refining att, 
making possible lower production costs. 
The price of gasoline, its major money 
product, has been reduced by 20 percent 
since 1929, giving no consideration to taxes, 
federal and state, which have been an it- 
creasing burden to consumers meanwhile. 

Going back 15 years, the average retail 
price of gasoline at 14.49 cents a gallon to- 
day, before taxes, compares with 248 
cents in 1922, a decrease of 42 percent. The 
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cost for refinery labor, contrariwise, during 
the 15 year period, has increased by 20 per- 
cent and working time has been reduced by 
25 percent. In other words, the average 
hourly wage of refinery workers has in- 
creased by 50 percent. Taxation has ob- 
scured the reduction in the pricé of gasoline; 
as has been often said in recent years—“‘it 
is not the price of gasoline that is high, 
it is the tax.”’ 

In line with expanding profits this year, 
the oil companies have been paying out in 
dividends at the highest rate since 1930, or 
in seven years. For 21 companies, including 
Standard Oil Co. (N. J.); Standard Oil Co. 
of California; Standard Oil Co. of Indiana; 
Gulf Oil Corp.; Socony-Vacuum Oil Corp., 
Inc.; Texas Corp.; Imperial Oil Co., Ltd.; 
International Petroleum Co. and Humble 
Oil & Refining Co., dividend disbursements 
so far this year were equal to approximately 
71 percent of those paid out in all of 1936. 

These companies (21) paid out in the 
first half of this year an aggregate of $203,- 
409,000 as compared with $283,189,000 for 
the entire year 1936. 

Companies in the so-called Standard Oil 
group paid approximately 23 percent more 
in dividends in the first nine months of 
this year than in the corresponding period 
of 1936, and the largest amount since 1930. 
Aggregate payments for this group this 
year approximated $152,000,000 against 
$124,000,000 in 1936. 

As in the final quarter of 1936, when 
more accurate estimates can be had as to 
the full year’s operating results, and in order 
to avoid penalties imposed by the Revenue 
Act of 1936 in respect of undistributed 
income, it is probable that many companies 
will disburse extra payments at the year- 
end. In the 1936 final quarter, dividend 
payments by companies in the Standard 
group were the largest for any three months’ 
period in more than 10 years. They aggre- 
gated in excess of $114,000,000 in that 
quarter against only $70,000,000 in the 
similar three months of 1935. 

Evidence that extras will be provided at 
the year-end is found in the fact that very 
few companies, in the first half of this year, 
voted disbursements that approached their 
reported common share earnings in that 
period. Skelly Oil Co., for instance, earned 
$3.22 a common share in the initial six 
months and paid out only $1.00; Mid-Con- 
tinent Petroleum Co. earned $1.66 and de- 
clared 50 cents; Sun Oil Co. earned $1.90 but 
voted a distribution of only 75 cents; Phillips 
Petroleum earned $2.85 and voted $1.25 and 
Continental Oil earned $1.68 and paid $1.25. 

While several companies earlier this year 
had under consideration plans to make 
offerings of new securities for the purpose 
of obtaining funds to bolster their working 
capital or to refund existing debts, these, 
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for the most part have deferred action on 
such plans because of uncertainties in the 
securities markets. 

The only important piece of financing to 
materialize in recent months was the offer- 
ing by prior subscription to its common 
stockholders by Pure Oil Co. of $44,244,300 
of $100 par cumulative convertible five per- 
cent preferred stock on the basis of one 
share of preferred stock for each nine shares 
of common stock held. 

Pure Oil's 
preferred stock will be used as follows: 
$8,428,200 to retire on January 1, 1938 of 
76,620 shares of $100 par eight percent 
cumulative preferred ; $3,000,000 to pay the 


Proceeds from the sale of 


balance due on bank loans maturing from 
1938 to 1940; $25,000,000 to retire bank 
loans incurred to provide a portion of funds 
required to redeem the balance of the com- 
pany’s 15-year 4% percent notes on July 1, 
1937; and the remainder for modernizing 















































refineries, developing producing properties 
and to provide additional working capital. 
The new financing simplifies the company’s 
capital structure so that there will be out- 
standing only two classes of securities 
common and preferred stock. 

Phillips Petroleum Co., which had an- 
nounced on September 1, last, that it would 
offer 444,905 shares of additional capital 
stock to its holders in the ratio of one share 
for each 10 held, withdrew the offering in 
mid-September because of the prevailing 
uncertainty in the securities market. 

It was planned by Phillips to use $3,500,000 
of the new money to pay certain current 
liabilities and to set aside $3,000,000 in 
anticipation of payment of the next matur- 
ity of its outstanding joint serial notes due 
on December 1, 1940. The remainder was 
to reimburse the company’s treasury for 
capital expenditures and for other corpo- 
rate purposes. 








AERIAL PHOTOGRAPHY Used Extensively 


in New Guinea Oil Search 


Photographic Mapping of 10,- 


000,000, Hectare Concession of 


Netherlands New Guinea Petro- 


leum Company Nearing Comple- 


tion — Surface Geological Survey 


Commenced and Subsurface Stud- 


ies by Gravimeter in Progress. 


Field Work Confirms Photo-Geo- 


logical Interpretation. 


"Tuer Are No topographical maps of the 
interior regions of Netherlands New Guinea 
in a scale large enough for geologists to 
work on, so that when N.V. Nederlandsche 
Nieuw Guinea Petroleum Maatschappij 
was formed by Netherlands subsidiaries of 
Royal Dutch-Shell, Standard-Vacuum and 
Standard of California (participation is 40 
percent, 40 percent and 20 percent, res- 
pectively) and obtained a concession in 
Netherlands New Guinea it had to under- 
take the mapping of 10,000,000 hectares of 
swamp and jungle within a period of 10 
years. 

The government of Netherlands East 
Indies closed its contract with Netherlands 
New Guinea Petroleum Company, which is 
under the management of Bataafsche Petro- 
leum Maatschappij, whereby the company 
received the right for a period of 50 years 
commencing January Ist, 1936, to ex- 
plore for and exploit petroleum in areas 
situated in the part of New Guinea 
under its rulership to an ultimate total of 


1,000,000 hectares. These areas will pe 
assigned out of the 10,000,000 hectares } 
over which the company has obtained ex. 
ploration rights for a period of ten years, 
For this purpose it is stipulated that the | 
company shall surrender parts of the ter. 
ritory during the course of the 10 years, 
within a period of not more than three years 
at least 2,500,000 hectares, within five 
years a total of not less than 5,000,009 
hectares, and within a period not exceed. 
ing 10 years a total of 9,000,000 hectares, 
The concession provides that N.N.GP. 
M. shall within four years after the expiry 
of the afore-mentioned period of 10 years 
submit a report to the government contain. 
ing the geological data collected during the 
exploration activities carried out. This report 
shall be accompanied by a collection of 
samples of the principal rocks encountered, 
As regards the mapping of the areas it J 
is stipulated that a boundry map thereof | 
on a scale of not less than 1 : 25,000 must be 
submitted to the government within three 
years after expiry of the exploration period. 
Finally the concession lays down that 
within three years after expiry of the ex 
ploration period at least three exploration 
wells must be started whilst the company 
is also bound to continue this exploration 
regularly until at least one exploration well 
has been started on each separate field. 


AIR SURVEY 


Since no reliable topographical maps of 
sufficiently large scale existed of the interior 
of Netherlands New Guinea, the mapping 
of the 10,000,000 hectares complex was 4 
matter of paramount importance, in order 
to provide a map for the geological parties 
to work on. In view of the extensiveness 
and inaccessibility of the areas, terrestrial 
mapping with a cheaply operated orgat- 
ization would have taken too much time. 
It would have been possible to accelerate 
the rate of working by extending the 
organization, but this would have resulted 
in disproportionately high expenditure. I 
was therefore decided to map the areas b) 
means of aerial photography. In addition 


Aerial photograph of the lower course of ¢ 

river in the northeastern part of the Vogelkop 

of New Guinea, clearly demonstrating the ad: 

vantage of aerial mapping over terrestrial 

mapping. Many difficulties and a long tim 

would be taken to map a similar area from 
the surface. 
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Upper course of a river in the central part of the Vogelkop of New Guinea photographed from the air. 


to some further advantages-of air mapping 
over terrestrial mapping, there was another 
important consideration which led to air 
mapping being adopted. It was expected 
that geological study and interpretation of 
the air photographs would yield data in 
respect to the geological nature of the ter- 
mtory photographed, which would other- 
wise only be obtainable by field work on the 


spot. It may be mentioned here incidentally 
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that the company has not been disappointed 
in these expectations. 

For the air mapping of the areas a con- 
tract was closed between Netherlands New 
Guinea Petroleum Company and N. V. 
Koninklijke Nederlandsch-Indische Lucht- 
vaart Maatschappij (Royal Netherlands 
Indies Airways). 

After ample discussions between the N.N. 
G.P.M. and the K.N.1I.L.M. it was decided 


to carry out the mapping work by means of 
airplanes, provided that it would be possible 
to find territories suitable for the construc- 
tion of the necessary landing grounds. Four 
landing grounds were considered necessary, 
at Babo, Sorong, Seroei and Mimika. 

In December, 1934, a preliminary recon- 
naissance was carried out during which 
three of the localities were visited and fields 
suitable for the purpose discovered; Mi- 


45 






















































eae oe ee 








Sikorsky-38 amphibians of 
Netherlands New Guinea Pe- 
troleam Company, used in 
geological mapping from the 
air. 


mika could not be visited owing to lack of 
traveling facilities. In April, 1935, an ex- 
pedition was equipped for laying out these 
landing grounds. 

A great many difficulties had to be over- 
come, but at the end of 1935 landing grounds 
had been constructed at Babo and on the 
island of Jefman, near Sorong, while a start 
was made with the mapping work. At Babo 
were also erected the headquarters of both 
the N.N.G.P.M. and the K.N.I.L.M.., as it 
is situated fairly centrally as regards the 
areas of the complex and is well protected 
in Bintoeni Bay against the two monsoons. 

Endeavours were made also to lay out 
landing grounds near Seroei and near 
Mimika for the mapping of the two eastern 
areas. An excellent landing ground was 
indeed successfully laid out at Seroei on the 
south coast of the island of Japen. Some 
days after its completion, however, it was 
entirely destroyed by a bandjir (flood). 
Since heavy expense would have been en- 
tailed in restoring the ground and protect- 
ing it against the danger of further floods, 
this idea was given up and a decision made 
to construct a base for amphibians. Along 
the swampy regions of the south coast area 
it also appeared too difficult and expensive 
to construct a landing ground and so bases 
for amphibians were also constructed there, 
in the Etna Bay near Aika. 

As, judging from the results of the prelim- 
inary reconnaissance, it was expected that 
it would be possible to map the entire 
territory-complex by means of landplanes, 
three twin-engined De Havilland-Dragon- 
Rapide airplanes were purchased, which 
have been found to be eminently suitable 
for the purpose. After it had been found 
necessary to carry out mapping of the 
eastern areas by means of seaplanes, two 
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Sikorsky-38 amphibians were subsequently 
purchased for mapping these areas, and 
these machines have served satisfactorily. 

Of the three Dragons one crashed, for- 
tunately without casualties among the 
occupants. The two other machines, after 
completion of the part of the work to be 
done by the airplanes, were taken over by 
the K.N.I.L.M., who tranferred them from 
Netherlands New Guinea to Java. The 
Sikorskys are still operating in New Guinea. 

Photographic work is being done with 
one nine-lens camera (panorama camera) of 
the Photogrammetrie G.M.B.H., Munich, 
and three Zeiss wide-angle cameras of the 
Zeiss Aerotopograph G.M.B.H., Jena. 

The panorama camera is a multilens 
camera with one central lens and eight 
lenses around this centre lens (focal length 
of each of the lenses 5.35 cm.). In front of 
each of the eight lenses a prism is mounted 
which diverges the rays so that the total 
angle of view is about 140 deg. The photo- 
graph is taken on a negative 18 by 18 cm. 
which is transformed to a negative of 25 by 
25 cm. The transformed negative corres- 
ponds to a negative made with a single lens 
camera with an angle of view of 140 deg. 
and a focal length of 5.35 cm. 

The Zeiss wide angle camera has a lens 
with a focal length of 10 cm., the size of 


the picture being 18 by 18 cm., the angle 
of view 90 deg. 

The pictures with the panorama camera 
are taken on scale of 1 : 80,000, those with 
the Zeiss camera on scale of 1 : 40,009. 

The main purpose of using the panorama 
camera was to make a navigation map for 
the flying of the Zeiss camera runs and 
to use the photographs 1 : 80,000 for the 
geodetic elaboration, the smaller scale and 
the wide angle reducing considerably the 
number of photographs to be elaborated 
As, after about 5,600,000 hectares had been 











covered by the panorama camera, it ap- 
peared that for the flying of the Zeis 
camera runs the panorama camera was 1 
longer indispensable, it was decided to maj 
the remaining part only with the Zeis 
camera. 

Photographs by the Zeiss camera are use 
for the geological-topographical elaboratio 
and for part of the area also for geodet 
elaboration. 

Along the coast, at distances of from 
about 60 to 120 miles astronomical stations 
are observed and ground-marked (20 points 
in total). These stations and the bas 
lengths measured in their neighbourhoo 
serve as a base for the geodetic elaboratiot 
(aerial triangulation). A network of tr 
angulation strips is laid over the are 
which is tied in to the astronomical st 
tions. The strips are triangulated in th 
radial triangulator, especially built {or 
the large size negatives, for the part he 
been photographed with the panoramit 
camera and they are triangulated in tht 
stereoplanigraph and the multiplex for the 
remaining parts which has been phott 
graphed with the Zeiss cameras only. By 
this aerial triangulation the coordinates © 
the principal and auxiliary points of the 
photographs of the triangulation str 
are known. 
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The geological and topographical data 
derived from the photographs can be 
matched between these cordinates. 

As already stated the photographs with 
the Zeiss cameras are taken on a scale of 1 : 
40,000. Since the focal distance of the lens 
of this camera is 10 cm., the flying altitude 
required is about 13,000 ft. The photographs 
are 18 by 18 cm., so that a ground area of 
about 27 square miles is photographed at 
each exposure. Theoretically, the mapping 
of the 10,000,000 hectares would be com- 
pleted in a relatively short time but for 
the fact that the weather is an important 
factor. Even with very thin clouds, photo- 
graphing is impossible because if they are 
lower than 15,000 ft., which is generally the 
case, they appear as white patches on the 
prints and if they are higher than 13,000 ft. 
they throw shadows on the ground to be 
photographed. It is consequently necessary 
for working for the sky to be practically 
cloudless, which is hardly ever the case in 
New Guinea. The best time for photograph- 
ing is between seven and eight o'clock in the 
morning. The number of minutes that the 
weather in New Guinea permits of photo- 
graphing is, according to the experience 
gained during the air mapping, 30 min. per 
day on an average. Consequently the map- 
ping will take about two years. 

By the middle of 1937 the mapping had 
been 90 percent completed. 


GEOLOGICAL INVESTIGATION 


In order to be able to fulfil the contrac- 
tual obligation to reduce the territory- 
complex and thus be in a position to sur- 
render an area of 2,500,000 hectares to the 
Government before January ist, 1939, a 
preliminary geological survey is being car- 
ried out covering the whole area of 10,000,000 
hectares. At the beginning of 1936 a start 
was made with the regional investigation 
of the island of Salawati and the Vogelkop 
peninsula. These areas have been explored 
systematically, working from west to east, 
by three parties each consisting of two 
geologists and one assistant geologist. At 
present the Bomberai peninsula and the 
small Manokwari-block are under investi- 
gation. In order to speed up the regional 
investigation the number of field parties 
will be increased to five. At the same time 
detail investigations will be carried out on 
some of the anticlinal structures outlined 
during the preliminary survey of the Vogel- 
kop and Salawati, in order to get locations 
for a deep test. 

Before the geologists leave Babo for the 
areas to be investigated by them, the air 
Photographs of the respective territories 
are studied by the so-called photo-geologists 
and geologically interpreted. The photo- 
geologists study the Zeis photographs with 
the aid of the mirror stereoscope. The geo- 
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logical and topographical data are drawn 
from the photographs on tracing paper of 
highly transparent quality (Koda trace). 

Data of from four to eight adjoining 
photographs are drawn on one strip of 
tracing paper. Of each strip a number of 
points is known in co-ordinates These 
points are mapped according to their co- 
ordinates on drawing paper to a scale of 
1 : 40,000 and the tracing strips are matched 
between them. 

Along the same principles a map of 1 
100,000 scale is made. 

Field geologists go into the field with 
these maps, on which all the geological and 
topographical data are drawn that could be 
derived from the air photographs. More- 
over they take with them a set of photo- 
graphs and a stereoscope so that they are 
able to check the data in the field. 

This photo-geological interpretation work 
has been found to be of great assistance to 
the geological field work and has revealed 
various structures which were confirmed by 
field work. 

A palaeontological laboratory has been 
erected at Babo for examination of rock 
samples collected by the geologists. 


GEOPHYSICAL INVESTIGATION 


Of the 10,000,000 hectares forming the 
territory of the N.N.G.P.M. only 6,000,000 
hectares are hilly ground and_ about 
4,000,000 hectares are covered by swamps 
and alluvial plains. Investigation of the 


latter can therefore only be carried out by 
means of geophysical methods. With the 
Holweck pendulum a regional gravity sur- 
vey of the entire territory was commenced 
in June, 1936, for the purpose of obtaining 
a general picture of the geological structure 
of the subsurface. The structural indica- 
tions thus obtained are being checked and 
detailed by torsion balance investigations. 


HEALTH AND POPULATION 


Although New Guinea is known to be 
very unhealthy (malaria) the N.N.G.P.M. 
has succeeded in confining the number of 
cases of sickness to a minimum by means of 
hygienic precautions and medical attention. 
Thanks to airplanes being available patients 
in the case of accidents or sickness could 
moreover always be transported speedily 
to the hospital at Babo, so that, where 
necessary, measures could be taken by the 
medical staff almost immediately. 

Attitude of the natives has up to now 
been almost consistently friendly. In some 
cases where the appearance of the Papuans 
gave cause for uneasiness a tactful attitude 
always circumvented difficulties. 

If the oil exploration of Netherlands New 
Guinea proves to be successful this will be 
a reward not only for the enterprise of the 
oil companies and the pioneer work carried 
out by their employees, but will also benefit 
the native Papuans by increasing the in- 
fluence of civilization hitherto almost lim- 
ited to the coastal regions. 


The Netherlands New Guinea Petroleum Company has 
undertaken the aerial mapping of 10,000,000 hectares 
(38,600 sq. mi.) of swamp and jungle. 
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The Oil Engine, Lond, 


Brilliant lighting partially derived from crankcase drainings at this Milngavie, 
Glasgow, garage is an aid to the salesmanship which appealed to the economically 


minded Scots business man. 


ELIMINATION from the Retail Market 
of RECLAIMED LUBRICATING OILS 


Losses to Petroleum Industry by 


Resale of Purified or Regene- 


rated Crankease Drainings May 


Be Reduced by Fostering Imme- 


diate Local Consumption. Actual 


Cest of Diesel Generator Operat- 


ing on Crankease Drainings Com- 


pares Favorably With Purchase 


of Electricity. 
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Use or old crankcase drainings on the 
spot instead of having them reclaimed and 
sold again for lubricants is an aspect of the 
oil business which would bear sponsoring 
by the petroleum industry. Appreciable in- 
vasions have been made on the market by 
re-refined or filtered oils of this nature, 
and may be considered a serious menace 
to lubricating oil sales. Even the United 
States, where fresh oil is always obtainable 
at low prices, has its oil reclaiming organi- 
zations, while in other countries the threat 
is more severe due to the higher prevailing 
sales cost. Such plants, where waste lubri- 
cants are purified, are to befoundin England, 
France, Germany, Sweden, and probably 
several other European countries, while the 
extent to which such organizations have 
grown, admittedly in localized areas, gives 
one food for thought. 

There are many ills which may prevent 
a truly healthy lubricating oil sales busi- 
ness in any country. Prominent among 
these ills is substitution by the retailer of a 


company’s branded product by a cheaper 
or a reclaimed oil—for dishonesty is rile 
in any trade—although this has been ap- 
preciably diminished due to the introduc- 
tion and success of tamper-proof packages 
of metal, glass and cardboard. Such sub- 
stitution where oils are sold in bulk is both 
easy and inexpensive, for filters purchased 
at a nominal sum will permit any garage 
owner or service station operator to net 4 
reasonable profit at little outlay. 

Rapid and continuous developments in the 
automotive industry have set new standards 
which demand more carefully refined and 
higher quality lubricants. The damage done 
to motors by poorly-made lubricating oils 
certainly needs no amplification, but despite 
the recommendations of the automobile 
manufacturers, price is the determining 
factor when many customers purchase the 
products consumed by their cars. 

In practically every city of major pr 
portions there may be seen signs advert 
ing lubricating or motor oils for half o 
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even a quarter the price of nationally ad- 


vertised brands. Such oils are often either 
re-refined used motor oil, filtered crankcase 
drainings, or the partially-refined product 
known as lube distillate. Frequently re- 
claimed lubricating oil and distillate are 
blended. Whichever product it may be, its 
sale in competition with properly refined 
new lubricating oil is detrimental to both 
the oil industry and the best interests of 
its customers. 

It is highly desirable that the traffic in 
used motor oils should be curbed, other- 
wise to what good purpose do oil companies 
lay out large sums of money creating good 
will for their products? Apart from the 
actual monetary receipts lost with each 
case of substitution it should be borne in 
mind that prestige will probably be also 
lost—and the customer changes to another 
brand. 

In 1936, the American motoring public 
bought more than 450,000,000 gal. of 
lubricating oil. Apart from courtesies and 
publicity in the form of road maps, free 
travel bureaus, etc., the American oil in- 
dustry found it expedient to spend some 
$25,000,000 in direct advertising through 
radio, newspapers, magazines and outdoor 
signboards. Of this, $10,244,463 was spent 
by six of the large concerns with nation- 
wide facilities. The dollar for every 18 gal. 
of motor oil that is spent in creating good 
will is entirely wasted when inferior prod- 
ucts are substituted. 

Desirability of such a curb on resale of 
Waste oil is generally recognised, but the 
creation of an effective means of restraint 
is not always simple. There seem to be 
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two ways open to the oil companies in 
America to curtail the reclaimed oil busi- 
ness; either they may collect the used oil 
from dealers selling their products and thus 
control its resale, or they may encourage 
the installation of equipment at retail out- 
lets to consume the waste product. It is 
with the latter of these two possibilities 
that this article especially deals. 

Inquiry develops that in 
where 


many Cases 


and therefore motor 
traffic, is highly concentrated, crankcase 
drainings are reclaimed in some form or 


population, 


other and used again as motor oil. This is 
done (1) by major companies, who may or 
may not employ a collection agency to 
pick up the drainings from all company- 
controlled stations and cart them to their 
refineries where they are re-distilled; (2) 
by a limited number of concerns who make 
it their sole or primary business to reclaim 
sump oil for resale, and whose product on 
the whole is fairly good; and (3) unscru- 
pulous dealers who collect drainings, filter 
them and/or mix them with lube distillate 
or other oil and resell either under the 
cloak of a branded product or as a premier- 
grade oil of their own. In some cases good 
oil has been diluted with waste oil and 
resold without in any way first refining the 
drainings. 

Where major companies do their own 
collecting and regenerating from stations 
under their control the customer may be 
assured a satisfactory deal, for no impor- 
tant oil concern is going to tarnish its name 
and good reputation (on which it may spend 
as much as $3,000,000 in a single year) by 
turning out an inferior product—second- 
hand oil—in the guise of a healthy lubri- 
cant. In such re-refined oil is 
invariably blended with a freshly refined 


cases the 


Diesel generating installation at Moon’s Ken- 
sington garage has reduced cost of electric 
power from $13.50 to $1.00 per day—one of 
a chain of large garages, outstanding for its 
architectural beauty. 
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but heavier product of good quality and 


sold for industrial use—not as a motor oil. 
It may also be sold for use in agricultural 
machinery and for manufacture of printing 
ink. 

The primary reason for an oil company 
to reclaim waste sump oil which it collects 
from its stations is not so much the small 
additional profit which may ultimately be 
had, but rather as a precaution against 
substitution of those same drainings, fil- 
tered, by any dishonest retailers. 

As has been mentioned, a fairly reliable 
product is turned out by those companies 
whose business is reclaiming oil. They are, 
by the economics of reclamation, limited 
in their scope, as they can only exist in 
where sufficient 


those concentrated areas 


raw material is readily obtainable. The 
further the reclaimer must send his collec- 
tion trucks the higher his overhead, for he 
must initially pay the dealers from whom 
he gets his drainings, after which he re- 
refines the product at about 20 percent 
loss and must still be able to compete with 
other low-price oils. 

Lubricating oil reclaimers are existent 
in large cities in the United States, but the 
intense competition already existing in the 
trade, because of comparatively low retail 
prices for even the best grades of motor oil, 
handicaps them in expanding their opera- 
tions to any great extent. However, sub- 
stitution of filtered or reclaimed lubricants 
for branded products sold in bulk is no 
doubt more prevalent in that country than 
in any other. 

Drainings are used quite generally, by 
large industrial concerns whose consump- 
tion is great, for rough lubrication work 
where a coarser product will serve. Such 
uses include lubrication of conveyor chain 










































and heavy machinery, or as a skid oil. 
In some cases the oil is diluted and burned 
under boilers. The reclaimed product may 
be used also on crushed rock roads, and 
as a dust-settling agent. It has been re- 
ported that a scheme is proposed to utilize 
drainings for the manufacture of various 
other products, but this is in embryo. 
From the search in every direction for 
further possible operating economies by 
stations in Great 


garages and _ service 


Britain, there has resulted a trend toward 
self-contained power and lighting plants, 
independent of the grid (utilities) system 
that has extended its transmission lines all 
This movement 
seems likely to spread to a considerable 


over the country. new 
extent in the United Kingdom, particularly 
as it renders motor spirit vendors indepen- 
dent of public utilities. 

An appreciable proportion of Britain’s 
garages and service stations now produce 
their own electric power in this manner, 
but few of them purchase fuel or gas oil 
to run their engines. A low-priced gravity 
filter, of which the final medium is a fine 
sawdust that has been passed through a 
20-mesh sieve, is marketed by one of the 
engine manufacturers. This filter is used to 
purify oil drainings collected from the 
sump, handling from seven to 18 gal. per 
day, according to temperature. Such filtra- 
tion costs about two shillings (50 cents) 
per annum, which is the price paid for 
sawdust. In some cases this filtered oil is 
used as fuel, in others it is mixed with a 
lighter oil or filtered sump-flushing oil in 
the proportion of three gallons of the heavy 
to one of the light. The twin economies 
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effected by first employing oil engines 
driving generators to produce electricity 
and by utilizing waste oil as fuel for the 
engines are considerable; in one such case 
electricity costs are reduced to  one- 
thirteenth of the local grid rate. 

This new movement might have even 
greater scope and increased value in the 
United States. Such a development in 
utilizing crankcase drainings in situ might 
well be encouraged by the oil industry— 





© Ruston & Hornsby Ltd.. Lincoln. 
For seven years an oil engine generator operating on crankcase drainings has been sav- 


ing The North Road Garage, in England, $609.40 annually over cost of current purchased 
from public utility. 


principally because it removes the tempta- 
tion to mix reclaimed oil with branded oil, 
due to the ease and cheapness with which 
fuel may be obtained by cleansing dirty 
sump oil in a filter. 

Specific economies already effected in 
England by installation of oil engines for 
producing power and electricity are strik- 
ing. The larger the garage the greater the 
demand for power and lighting; a typical 
example of the large installation is that of 
Moon's Garage, Kensington, London, where 
the 47 h.p. oil engine installed (driving a 
31 kw. generator) produces 144 kw. daily for 
4s. ($1.00) as against 54s. ($13.50) at local 
rates. This cost was based on the use of 
fuel oil, and not crankcase drainings. 

The economies are not limited to large 
installations—another case is that of the 
North Road Garage, Great Ponton, Grant- 
ham, with a plant of this character. To 
cope with increased trade a single-cylinder 
horizontal oil engine, having an extra- 
heavy flywheel, and giving 10 b.h.p. at 690 
r.p.m. was installed; otherwise the set is of 
standard design and can be satisfactorily 
run on low-grade fuels. A belt-drive from 
the engine operates two lathes, a sensitive 


drill, a mechanical saw, and a two cyld, 
air-compressor, which charges storage bot. 
tles for tire inflation. Directly coupled to 
the engine is a 6 kw. D.C. generator, hay. 
ing an output of 41.5 amp. at 100-145 
volts. For electrical storage there are 5 
cells, having a discharge of 10 amp. fo; 
10 hours continous load. This battery meets 
the demands of overtime jobs, supplies 
current to the owner’s residence, and js 
metered to the house of a neighbor. It js 
unnecessary to install such a battery, for. 
limited to the private use of current, the 
engine is capable of supplying all the elec. 
tric power required. Quantity of fuel deliy. 
ered to the engine is regulated according 
to load by a governor, so that the unit may 
be left for long periods with little or no 
attention. It is seldom imperative to ru 
the engine more than 14 hours daily. 
As to the itemized costs of this plant 
When first placed in service fuel oil was 
purchased. Since this initial expense fuel 
has actually been free, for the waste lubr- 
cating oil from the sump is used after being 
purified in a gravity filter and mixed with 
filtered washing kerosene, in the propor. 
tion of three gallons of the heavy to one oi 
the light, and this is reported to be con. 
sumed by the engine as readily as regular 
fuel oil. Approximately 36 gal. of oil is 
used annually for lubrication of the engine, 
at 2s. 8d. per gal., or £4 16s. Od. ($24.00 
Gravity filter pictured below will purify « 
much as eighteen gallons of crankcase drain- 
ings daily for about fifty cents a year, produ: 
ing a fuel suitable for use in Diesel generating 
units. 


© Ruston & Hornsby Ltd., Lincoln. 
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cyld, Running attention, fuel preparation, and 

e bot- ordinary maintenance come to 4s. Od. 

led to weekly, or £10 8s. Od. ($52.00). Decar- 

, hay- bonizing thrice yearly amount tof£1 2s. 6d. 

0-145 ($5.60). During the first three years five 

ire 56 months performance of this engine (11,830 

Pp. for hrs. running time) the only replacements 

meets needed were a piston, two sets of rings, and 

ipplies one cylinder liner, which totaled £7 10s. 

and is 0d., inclusive of labor, or £2 1s.0d. ($10.25 

r. It is per annum. 

VY, for, Writing-off the engine dynamo, gener- 

at, the ator, filter, switchboard and battery in a 

€ elec. seven-year period, the annual depreciation 

| deliv. is about £48 9s. 6d. ($242.35). The propor- 

-ording tion of the insurance is £1 Os. Od. ($5.00), 

Mit may while interest on the investment at five 

Or no percent comes to about £18 7s. 0d.($91.80). 

to run Records show that the load factor is 66 

y. percent for 114% hrs., which when the whole 

plant: load is considered electrical, equals 46 kw. 

oil was hrs. of electricity per day. The weekly out- Ae 

se fuel put is 322 kw. hrs., or 16,744 kw. hrs. per © Ruston & Hornsby Ltd., Lincoln. 
e lubr- annum. Diesel generator at The North Road Garage; these engines are 

er being Complete annual expenditure with this designed specifically for use in garages, and are of a rugged character 

ed with : / : ; which enables them to operate almost indefinitely on filtered crank- 

Diesel generating — plant is £86 4s. Od. case drainings. 

ate ual ($431.00), which brings the cost to 1.231d. 
ipesries (2.46c.) per kw. hr. Local grid rates at this 

be con- point work out to 3.105d. (6.21c.) per kw. sumption to 1,426 kw. hrs. per month, stations, there would not only be a saving 
regular hr. for this type of consumer, which would without in any way increasing the capital in supply cost, but also a reduction in 
f oil is involve a total expenditure of £208 1s. 8d. _—_ outlay of the owner. installation costs. Whether the local utility 
pr ($1,040.40) per year for the same quantity Where local legislation does not prohibit, rates were high or low, the garage owner 
(524.00 of power. filtered crankcase drainings could be used would enjoy an independent source of 
murify as The total saving by the use of a Diesel as fuel. Filtration would give a recovery of | supply for his various stations. 
se drain- generator operating on crankcase drainings about 90 percent, or 1,350 gal. per annum. Will the petroleum industry see fit to 
ait is,in thistypicalcase, £121 17s. 8d. ($609.40). An engine of this size operating 16 hrs. a foster this movement to use crankcase 





A number of Diesel generating sets have 
been installed in American garages with 
success. With a comparatively large plant 
The Boro Gas Shop, New York City, was 
able to reduce its costs per kilowatt hour 
to 0.83c. from the 4.94c. formerly paid to 
the utility company. Naturally, the larger 
the installation and consumption the greater 
the savings. 

Taking an American service station of 


day would consume 2,873 gal. per annum, 
requiring a purchase of 1,523 gal. yearly of 
No. 5 fuel oil for blending with the drainings 
—approximately a fifty-fifty mixture. With 
a mixture of this nature decarbonizing would 
probably not be necessary more than once a 
year, or twice at the outside. Replacements 
would be few due to the rugged character 
of this type engine, and only a few minutes 
attention would be necessary each day. 


drainings on the spot for power and light, 
thus mitigating the evils of substitution? 
Will. it encourage these schemes for 
burning waste oil under burners and for 
such heavy industrial lubrication as out- 
lined, or will the unsatisfactory conditions 
of the past remain through the future? 


ANNUAL OPERATING FIGURES FOR 


average size—say, 15,000 gal. gasoline Using a mixture of filtered crankcase DIESEL GENERATOR 
sales per month—it is possible to work out drainings and regular fuel oil, with amortiz- few ey et eee 
comparable economies. This station already ation of the engine and equipment spread I 
requires a 214 h.p. engine for direct-drive | over a period of 10 years, it would be Replecementss ss - BS 
power purposes and has in addition an possible to effect appreciable economies in OE Spin aiait enh Het 
electricity consumption of about 1,000 kw. both lighting and power. Electricity availa- Totel..........++.$722.00 
hrs. per month, which at a local rate of ble for consumption would be increased 50 

4.94c. per kw. hr. would amount to percent to 17,120 kw. hrs. per annum at a SUMMARY 


$592.80 per annum. Cost of operating the 
engine would be about $300 per year, or a 
total cost of nearly $900. for power and 
lighting. A station of this size would collect 


cost of 2.47c per kw. hr. compared with 
12,000 kw. hrs. at 4.94c. The annual 
saving, with increased light and power, 
would be $170.16. 


Annual Cost of Operating Diesel Generator Compared 
With Purchase of Electric Power 


Total cost of 17,120 kw. hrs. produced 
by Diesel generator o rating on half 





crankcase drainings an a pues $722.00 
about 125 gal. of crankcase drainings each The advantage of installing small Diesel ‘We! ol -------------- 
month ° ° ° ° ° Present cost Se SOA80 bn. hrs. eucend 
. engines in garages and service stations is from public utility. . .. .. $592.80 
Installation [ 71% i i > ] i > Present cost of operating 2 1/2 h.p. engine 
Pine of a 7% h.p. oil engine only too apparent. Waste motor oil, a bane feoust and of conning 9 he "* $300.00 9s0a.ee 
upled to a 3 kw. D.C. generator would of the trade, is disposed of in a usefuland (yy eee 
not only j ripe ost of same power as ac : . 
y increase the amount of direct- safe manner; also power and efficient Diesel generator (17,120 kw. hrs.) i 
drive e 7 “ R purchased from public utility......... .$845.73 
quipment which might be used, but _ lighting are obtained at less than the cost present cost of operating 23zhp. engine 
would when operated 16 hrs. per day effect of utility electricity in many districts. ter Chachaitee eaeeiinery . AS. 
an increase in current available for con- Using this plan over a chain of allied ¢.4,.°0RS Suu present poms nee size. 
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PRODUCTION BECLINE Anticipated 


for Peru in 1937 


By Julian Greenup. U. S. Commercial Attache, Lima, Peru* 


Oil Search Spurred in South 
America’s Third Largest Produe- 
ing Country — Helium Nation- 


alized. Consumption of Most 


Refined Petroleum Products In- 


ereasing. 


Procressive recovery of economic con- 
ditions in Peru, South America’s third 
largest oil producing country, during 1936 
was contributed to in no small way by the 
increase in production of petroleum in 
excess of the high rate of previous years, 
although a slight decline has been evident 
in 1937. Exports of crude oil were stimu- 
lated by a greater international demand in 
the previous year and the output of both 
International Petroleum Company and 
Cia. Petrolera Lobitos rose appreciably, 
although that of Feustino G. Piaggio Soc. 
Ltda. Zorritos continued its almost steady 
decline. 

Recent legislation enacted in Peru in- 
cludes the nationalization of any discoveries 
of helium, although existence of that ele- 
ment has not yet been revealed in that 
country. A decree of August 31st, 1937, 
eserves for the state all helium that may 
be produced in Peru and prohibits private 
individuals or companies from exploiting 
or exporting the gas. Under the decree, the 
Bureau of Mines and Petroleum is charged 
with analyzing all gases found in mining 
deposits now under exploitation. Conces- 
sionaires are required to supply the Bureau 
with all particulars and oil companies must 
submit semi-annual reports showing the 
analysis of all gases issuing from their wells. 

It appears highly probable that the 
Peruvian government will reserve to the 
state exploitation rights over the Zorritos 
oil lands, in the hope that the development 
of this area will bring financial benefit to 
the country. Drilling of the state-owned oil- 
fields was commenced in June, 1936, after 





*Courtesy U. 8. Department of Commerce. 
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preliminary surveys. Petroleum production 
should be increased if the national reserves 
in the Lobitos field prove as rich as pre- 
liminary drilling seems to promise. 

The Peruvian government enacted legis- 
lation in order to encourage the exploitation 
of petroliferous areas in the Amazonian, 
Trans-Andean, or montanva region of the 
country. The regulations of 1922 contem- 
plated primary conditions of deposits on 
the coast. It is stated that the presence of 
petroleum in Puno has been determined by 
experts, but exploration work in the past 
has been unsuccessful. The government, in 
line with its policy of developing all possible 
sources of industrial fuels, is desirous of 
intensifying the survey of the Puno oil 
lands. A commission of engineers has 
been sent to carry on geological and topo- 
graphical research work, in order to deter- 
mine the locations where drilling must be 
commenced, using the new machinery re- 
cently imported. 


CRUDE OIL PRODUCTION 1932-1937 


1939 9,809,065 
ranma 
RRR ERRORS 16,314,381 
1935 eee eRiaia 17,056,355 
1937...................46675,000° 
* Preliminary estimate 


The increased oil search in Peru possibly 
may be due to falling off in production, for, 
despite the fact that output has risen 
steadily during the five years from 1932 
through 1936, statistics for the first eight 
months of this year indicate a decline for 
1937. There are three producers: Inter- 
national Petroleum Company operates the 
La Brea and Parina fields at Talara and 
Negritos , where there are about 1,800 wells 
in production; Cia. Petroleros Lobitos 
(Lobitos Oilfields Ltd.) has about 600 wells 
producing at Lobitos and Cabo Restin, of 
which some are 6,000 ft. in depth; Zorritos 
was the first to be exploited, by Faustino 
G. Piaggio Soc. Ltda. Zorritos, is 40 miles 
south of Tumbes, and contains some 40 
producing wells. The latter company has its 
own refinery, and its products are sold in 
Peru.- International Petroleum Company 
also has a refinery, at Talara, with a daily 
capacity of 15,000 bbl., where part of the 
Lobitos crude is refined. Domestic refining 
in Peru has fallen off to a small extent in 
the last two or three years. 


Peruvian petroleum exports appear to be 
increasing. During 1936, 10,536,134 bbl. of 
crude oil valued at $20,814,940 were 
shipped compared with 9,987,656 bbl. with 
a value of $18,542,509 during the previous 
year. Exports of refined products increased 
to 3,907,169 bbl. valued at $10,475,699 from 
3,470,306 bbl. worth $10,424,928 in the cor. 
responding years. Principal purchasers of 
crude oil from Peru in 1936, in order of 
importance, were France, Canada, Great 
Britain, Belgium, Argentina, United States, 
and Ireland; while of refined petroleum 
products, Aruba, Brazil, Canada, Chile, 
Germany and Uruguay were the most im- 
portant consignees. 

Negotiations were under way during 1936 
for the restoration of the former treatment 
accorded Peruvian petroleum imported by 
Argentina which resulted in the derogation 
of the surcharge of 50 percent of the import 
duties on petroleum originating in Peru, 
applied in December, 1935, while Peru in 
turn removed a surcharge on Argentine 
wheat, in accordance with an agreement 
signed February 3rd, 1937. 

Increased industrial activity in the home 
market and automotive and aero develop- 
ments in 1936 encouraged the demand for 
and consumption of refined products, al- 
though the total of all products for the year 
was somewhat lower than that of 1935. 
Increase in gasoline consumption is believed 
to be largely due to the abolition of road 
and bridge tolls throughout the country 
and to the extension of highways. The do- 
mestic demand for this product amounted 
to 22,800,000 gal., of which 21,800,000 gal 
were for motor vehicles and 1,000,000 gal 
for aviation purposes, against 19,090,000 
gal. and 800,000 gal. of motor and aviation 
gasoline, respectively, in 1935. 

Consumption of kerosene in Peru ha 
been rising steadily during the last five 
years—this is largely due to the decline i 
utilization of tractor gas oil, which is cot 
tinually being replaced as a fuel by tit 
former product. Fuel oil, for both industria 
heating and marine bunkering, is steadily 
increasing in use, as are also grease af 
asphalt. Lubricating oil, turpentine subst: 
tute and petroleum coke, while showing é 
tendency to increase, are appreciably below 
the high figure of 1934. 
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PERUVIAN STATISTICS 


Area: official, 432,184 sq. miles; League constructed. Area of 40 sq. miles per mile 


of Nations, 482,114 sq. miles. Population: of road—1.1 automobiles per mile of 

6,237,000 of which half are aborigines and road. 

600,000 are whites; 14.3 inhabitants per Motor vehicles: 10,997 passengers cars; 

square mile. 790 buses; 5,889 trucks; 119 Diesel- 
Principal industries: nitrates, guano, powered; total registrations, 17,795. Popu- 

petroleum, bismuth, copper, gold, silver, lation per vehicle, 351. 

vanadium, cotton, wool, alpaca, sugar, Retail oil prices and taxes (U. S. cents 

wheat, livestock. per gallon) as of April, 1937: gasoline, not 
Navigable rivers: 3-4,000 miles for vessels imported—price at Lima including tax of 

of 8-20 ft. draft. 7.4, 23.9 in tins, 20.4 in bulk—at Arequipa 


Railways: length 2,810 miles, of which including tax of 6.6, in tins 26.0; aviation 
1,481 miles are under state control; also 94 gasoline, not imported—price at Lima in- 
miles of interurban and 36 miles of urban cluding tax of 7.4, 25.0 in tins, 22.4, in 
electric lines. bulk—at Arequipa including tax of 6.6, in 

Roads: length 13,105 miles, of which 60 tins 29.0; premium I, not imported—price 
miles are concrete, 1,140 miles macadamized at Lima including tax of 7.4, in tins 25.0, 
and 3,146 miles graded earth; during 1937 in bulk 22.4—at Arequipa including tax 
3,750 miles are being rebuilt or improved of 6.6, in tins 29.0, in bulk 27.0; premium 





7.4 tax, in tins 29.0, in bulk 26.0—at 
Arequipa including tax of 6.6, in tins 33.0, 
in bulk 31.0; kerosene, not imported—price 
at Lima in tins, 16.0, in bulk 9.6—at 
Arequipa in bulk 19.0; imported lubricating 
oil I—including 20.0 duty and 6 percent ad 
valorum consular invoice fee (4.4), at Lima 
and Arequipa 173.0; domestic lubricating 
oil I—at Lima and Arequipa 89.0; imported 
lubricating oil II, including 11.0 duty and 
6 percent ad valorum consular invoice fee 
(3.2)—at Lima and Arequipa 87; domestic 
lubricating oil Il—at Lima and Arequipa 
74.0; imported lubricating oil III, in- 
cluding 11.0 duty and 6 percent ad valorum 
consular invoice fee (2.4)—at Lima and 
Arequipa 66.0; domestic lubricating oil III 
—at Lima and Arequipa 57.0. Consular 
invoice fees payable in country of 




















and 1,875 miles of new roads are being II, not imported—price at Lima including _ origin. 
PRODUCTION OF REFINED PRODUCTS IMPORTS OF PETROLEUM INTO PERU IN 1936 
IN PERU 1932-1936 Product Crude Oil Gasoline Kerosene Lube Oil Paraftin Wax Asphalt, etc. 
Product 1936 1935 1934 1933 1932 Tariff item No. 901 No. 903 No. 902 Nos. 905-6 No. 909 No. 913 
Barrels - Barrels Barrels Barrels Barrels M. Tons M. Tons 
Gude... 2,339,869 2,200,082 9,770,162 9,614,399 9,538,181 United States... .. 85,625 37,348 2,034 14,845 301.8 1,793.4 
Kerosene..... 1,065,016 1,245,914 597,703 ‘531.324 ‘655,646 Bolivia. . . vee W 
Turpentine oil 1/41 (485 1,727 1,101 511 Brazil... . 11 15 
Gasoil...... 807,430 804,090 543,867 359,306 724 Colombia 21 . 
Lubricating oil 32,499 32162 39,985 31,987 28,090 ool 
Fuel oil...... 1,782'965 1,744,078 2,062:329 1,909,679 1,779.743 Great Britain. . 1,896 ot sip 
Bitumen 26 190 7,164 3,598 2,033 Germany 446 8.2 13.0 
Ecuador. . 15 
ee 4 0.1 
Switzerland. ..... 3 
France. . . ; 
CONSUMPTION OF REFINED PRODUCTS th . 
IN PERU 1932-1936 Canada...... 392 
inn 110.4 
Product 1936 1935 1934 1933 1932 Italy... 30.8 
mt Barrels British India... . 521.2 
Aviation fuel...... 93810 19,330 17,652 14,044 10,366 ideas 178.5 
Gasoline....... 519,191 430,510 354,782 300,902 299,959 a : 
Kerosene.......... 130,954 119,469 112,520 101.161 89.935 Poland... . 129.1 
—— a 1,374 1,140 2,114 1,204 817 Roumania 38.9 
i . P * * . 
Lubricating oll... . . 26,204 21,366 66,620 21,127 18,740 ae 32.5 
ay oF SE . 713,400 617,057 542475 529,904 Sumatra... ...-.--.-. 22.7 
an 7 
a 28208 6970 _ oe Oe Tote! imports......... 85,625 37,369 2,062 17,617 483.3 2,980.4 
* Details not available. * Less than one barrel. 
EXPORTS OF PETROLEUM FROM PERU IN 1936 
Country of Crude Oil Gasoline Kerosene Gas Oil Lube Oil Fuel Oil Other Products 
Destination Barrels Barrels Barrels Barrels Barrels Barrels Bol. Equivalent 
are 4,128,849 ve 
Canada... 3,651,755 461,400 
Great Britain. . . . 2,173,133 eae 72,644 
Argentina... . . 52 
Belgium....... 403,249 
Norway... 7 ; 64,375 
Ireland........ 136,706 
United States. 199,648 . 
hee 93,163 
Si 89/085 eb 530,665 ree 
Germany. . . coat 269,899 . 62 
El Salvador... ... ae 35,367 11,566 379 4,830 33 
gael ae 328,795 35,049 , 96 29,105 365 
Uraguay. . . an 131,115 85,098 810 
livia. . . eae nae 44,9) 9,143 . 140 36,052 58 
Ecuador 7 . 20 1 
Honduras. . pe 11,556 904 bei 12 1,139 45 
Guatemala. ae 1,954 5,361 45 evi 870 45 
anama.... . 280 06 18 
Arube. 645,670 583,708 
es 00 3. 89,741 134,095 
Colombia........ 15,704 ie 
Nicaragua......... soak 16,925 13,467 
Canal Zone........ Soe 55,376 iy 8,583 
Costa Rica..... | coats ies 720 . ws 
Ships’ Consumption. . 22 20 23 92 255,666 1 
TOTAL EXPORTS 11,231,507 2,109,563 880,132 531,151 6,000 404,065 576 
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Inspecting an oil seep on the Aguas Clarus property of South American Gulf Oil 
Company. From left to right, Al Smead and Rex Townsend, of Gulf, with F. C. 
Ripley, Jr., representative of Continental Emsco. 


R. T. HAsLam, sales manager of Stand- 
ard Oil Company of New Jersey, recently 
had Micuet Divo, Argentine magician, as 
his guest of honor at a luncheon in the Hotel 
Pennsylvania, New York. On September 
27th Mr. Divo drove a battered Model T 
Ford through the Holland Tunnel and 
completed a remarkable journey of 22,000 
miles—taking 32 months—that had been 
started on a dare. The trip proved fatal to 
two companions, while two others were left 
in hospitals; he crossed the Andes at 13,000 
ft:, was lost without food or water for six 
days in the Tacoma Desert, hacked a road 
375 miles through Colombia with a machete, 
and lost the car under water in a Costa 
Rican river for 15 days. 


€. J. Hanna, head paleontologist for 
Tidewater Associated, is completing surveys 
and mapping the area from Cold Bay to 
Kanatak, Alaska, about 150 miles south- 
ward of Chinitna Bay, where Iniskin Drill- 
ing Company is below 500 ft. with its first 
test well. An exploration well in the Cold 
Bay district is to be drilled by a con- 
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cern represented by Tidewater Associated, 
Union Oil and one of the Standard Oil 
companies, according to an account pub- 
lished at Anchorage. Mr. Hanna is un- 
derstood to have determined the location of 
three anticlines. 


Roy LEBKICHER, of California Standard 
Oil Company Ltd., returned to the United 
States on the Europa during the last week 
of September after three years residence 
abroad. During his prolonged absence he 
has made his headquarters at the company’s 
London office, with periodic trips to the 
Continent and Bahrein. Mr. Lebkicher is to 
be in America for about six months on an 
extended vacation, although he will be also 
taking the opportunity of keeping in direct 
touch with his company’s head offices. 


ANDRE Pompitiu ELIADE, well-known 
and lively representative of Creditul Minier 
S. A. R. Pentru: Desvoltarea Industriei 
Miniere in London, was recently married in 
Paris. His bride was the former Mlle. 
Madeleine Mahistre. 


F. Banks WARNER, managing directy 
of Cities Service Oil Company, Ltd., arrived 
in New York from London with his family 
on board the WESTERNLAND Septembe 
14th on a combined business and _pleasyp 
trip, expecting to return early Novembe, 
He has been making periodic trips to th 
United States since 1920. Mr. Warner told 
WoRLD PETROLEUM that alcohol motor fyg 
is increasing in popularity very rapidly jy 
Britain, that there is every prospect of eye, 
greater increases in consumption, and thg 
his company’s alcohol blend is making 
peaceful penetration of the British marke 


J. Ross Cape, formerly on the Crilling 
staff of Societa Petrolifera Italiana ay 
before that with Lago Petroleum Corpor. 
tion, is now stationed at Pedranellx 
Venezuela, with Standard Oil Company ¢ 
Venezuela. 


Hi. S. REIZENSTEIN has been appointe 
contract manager of Westinghouse Electr 
International Company. A_ graduate ; 
electrical engineering and _ business ai. 
ministration at the University of Pittsburg 
he entered Westinghouse in 1910. Afte 
completing the student course, he wa 
located at East Pittsburgh as a foreip 
correspondent. In 1913 he became manage 
of the order department, and in 19 
manager of the price department of Wes: 
inghouse International. Mr. Reizenstei 
served as manager of the advertising &- 
partment from 1918 until he was made con 
tract manager. As contract manager, le 
will have charge of the following importat: 
related divisions of Westinghouse Interna 
tional: order division, stock control, pur 
chasing, and clerical. Mr. Reizenstein 5 
make his headquarters at 150 Broadwa 
New York. 


H. S. Reizenstein 





‘ 
WORLD PETROLEU! 





























































De 
M.. 
edi 


or} 
alr 


fer 
Fa 
ou 


Ste 


oC 


Cirector 
arrived 
S family 
ptember 
pleasure 
vember, 
S to the 
ner told 
Otor fuel 
1pidly in 
t of even 
and that 

making 
| market, 


> drilling 
ana and 
Corpora. 
Jranelles 
Npany ¢ 


uppointel 
e Electre 
duate in 
ness at- 
‘ittsburgt 
10. Alte 

he wa 
a foreig 
» manager 

in 191 
of West: 
eizensteit 
tising de. 
nade con: 
nager, li 
important 
e Interna: 
trol, pur 
nstein Wi 
Broadwal 


i 
PpROLE'*) 











Dr. Wilhelm Krauss, managing director of Olex 

Deutsche Benzin-und Petroleum - Gesellschaft 

M.B.H.—an informal portrait snapped by the 

editor of World Petroleum while in Berlin on a 
recent visit. 


W.S. Farisu, president of Standard Oil 
Company (New Jersey), returned to New 
York September 20th after a series of con- 
ferences with the heads of the company’s 
Britain. He had 
already visited Denmark, Norway, Sweden 
France and Germany, where similar con- 
ferences have been held. While abroad Mr. 
Farish said that he regarded the petroleum 
outlook as the brightest for a decade. 
Speaking of the American scene, he stated, 
“I do not concern myself with politics, ex- 
cept as a citizen and business man. But I 
think our domestic situation is now getting 
better. The aftermath of the war left us with 
significant readjustments to be made in our 
industrial and social picture. We have been 
faced with the difficulties to be expected 
in an attempt to compress into a short 
period of time a transformation which 
might normally have needed a quarter of a 
century. We have, of course, had an un- 
precedented number of strikes with the 
consequent loss of production and earning 


organization in Great 


| power. In the long run the common sense 


of a people always reasserts itself to correct 
extremes, and it is quite apparent that 
sober second thought is now at work to 
consolidate the decided advantages 
some of our new legislation.” 


of 


R. C. McKee has been appointed 
assistant manager of the advertising de- 
partment of Standard Oil Company of 
Indiana, effective from October 1st, 1937. 
Work which he has been handling as editor 
of two of the company’s house publications, 
Standard Service News and Standard 
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Truck Service News, will be taken up by 
E. D. WuitE, transferred from the South 
Bend, Ind., office where he has been ad- 
vertising representative. Mr. McKee suc- 
ceeds N. H. REED, who will retire on an 
annuity January 1st, 1938, but will assist 
meanwhile in the reorganization of the de- 
partment. Mr. Reed will have been with 
Standard of Indiana 23 years when he 
retires. He and a stenographer were the 
entire advertising department when he 
joined the company. For many years he was 
manager. In his earlier years he was a 
reporter in Nebraska and head of the 
advertising department of the Santa Fe. 


BRITISH OIL IMPORTS 


Esports of petroleum into Britain in 





clined in August, and the movement of this 
product during the eight months against 
the general rising trend is striking in view 
of the further increase in British industrial 
activity during the past year. Motor spirit 
imports increased substantially in August. 
owing mainly to larger arrivals from Iran. 
That country has sent 6,672,000 bbl. to 
the British market during the past eight 
months, against 4,681,000 bbl. in the same 
period of last year. Crude oil imports in 
August declined as against August, 1936, 
and the total for the year to-date is also 
Netherlands West 
easily retains its place as the largest sup- 


slightly lower. Indies 


plier of crude to Britain, with a total this 
year of 2,705,000 bbl. 


British Oil Imports by Products 


(Barrels) 
. ° 8 mos. to 8 mos. to 
August were higher than in the corre- August Aug. 31 Aug. 31 
, li | f 1 Tr ° 1937 1937 1936 
sponc ing month of 1936. Total receipts Motor Spirit 3,579,000 27,481,000 24 586,000 
for the first eight months were 60,319,000 nae: $37'000 2,737,000 2/181 000 
increase Ss sere _ Lubricating Oil 287,000 2,204, 294, 
bbl., an increase of 6.5 percent over the vel Oil... 2,279,000 13,438,000 13,194,000 
similar period of 1936. The advance has Other sors.....-...-_ 112,000 _ 298,000 ee 
2e 7 . ' : , 229,000 46,299,000 
been spread over all but one of the major Relined predate. « «FES one 70'090,000 10,312,000 
products. Shipments of lubricating oil de- Total impeste "8,627,000 60,319,000 56,611,000 
GULF EXPORT PRICES FOR MAJOR OIL PRODUCTS 
Products Cents Per Gallon 
Aug. 18 Aug. 25 Sept. 2 Sept. 9 Sept. 16 
GASOLINE: U. S. Motor 6% 6% 6% 6% 6% 
64 /66-375 E.P. 63% 634 6% 6% 6% 
59 Octane and below 6% 6 6% 6% 6% 
. 65 Octane and above 612 61, 6'2 612 62 
AVIATION_GASOLINE: Gulf Export in cargo lots. . 9 9 9 9 
> Mean nee (Based on last actual transaction) , 
KEROSENE: 44 wow... 5% 5% 5% 5% 5% 
44/43 w.w... « 5 5 5 51% 
41 /43 p.w.. . 4% 4% 4% 4% 5 
GAS OIL: 26-30 transluscent 4 4 4% 4% 4% 
30 plus translucent 4% 4% 4% 4\% 4\% 
Dollars Per Barrel 
FUEL OIL: Bunker C. . 5 1.05 1.05 1.05 1.05 
Cargo lots 0.95 0.95 0.95 0.94 0.92 
Diesel oil. . 1.90 1.90 1.90 1.90 .90 
Cents Per Gallon 
LUBRICATING OIL: Bright Stock No. 8 281, 281, 27% 27'2 27% 
sia Bright Stock No. 61/2 28 28 27 27 27 
ee’ 600 Warren E.. 25 25 25 25 25 
ire 600 Unfiltered s.r. 21% 2114 2114 211, 211% 
(New York Export 650 Unfiltered s.r. 24 24 24 24 24 
Market) 600 Flash s.r... .. 25 25 25 25 25 
630 Flash s.r... . 29 29 29 29 29 
Neutral 200 No. 3.. 32 32 32 32 32 
Neutral 150 No. 312 27% 2714 27% 27'2 27, 
(South Texas Red oil 500 No. 5-6 81, 81, 81, 812 814 
Export Market) 750.... 9% 9% 9% 9% 9% 
1200 9% 9% 9% 9% 9% 
Pale oil 500 81, 81, 81, 814 814 
750 9% 9% 9% 9% 9% 
1200 9%, 9%, 9% 9% 9% 
Dollars Per Barrel 
CRUDE OIL: East Texas delivered at Gulf for export... . 1.54 1.54 1.54 1.54 1.53% 
Prices quoted in preceding issues for Venezuelan, Trinidad and Panuco crude oil are being discontinued 
as they rep t only an ional spot cargo sale and do not serve as a true indication of the marke 
trend in these countries. 
FREIGHT RATES 
Aug. 18 Aug. 25 Sept. 2 Sept. 9 Sept. 
Dirty Clean Dirty Clean Dirty Clean Dirty Clean Dirty Clean 
Shillings Per Ton 
Gulf—U.K. /Continent 24 - 27 6 28 /6 27/6 25 /- 27/6 29 /- 26 /- 27 30 
California—U.K. /Continent.. . — — a - no booking = = a — 
Aruba—U.K. /Continent 22 /- 22 /- a 22 22 
North Atlantic—U.K. /Continent 22 - 25.6 22 /- 25/6 22 /- 25/6 22 25 /- 22 /- 24 
Cents Per Barrel 
California—North Atlantic. . . — — —_ _ no booking _ _ — — 
Gulf—North Atlantic... . 40 40 34 33 34 33 32 34 30 35 
Venezuela—North Atlantic 30 _- 30 _ 30 _ 30 _ 30 _ 
Tampico—North Atlantic 40 a 40 _ 40 _ _ _ 
Curacao—North Atlantic. . . oo 33 34 33 34 33 34 33 34 33 
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WORLD PETROLEUM ABSTRACTS 


Summaries of the Most Important Articles as 


Published in the Oil Press of the World Dealing 


With Technical and Economic Aspects of the 


Petroleum Industry. 


GEOLOGY OF PETROLEUM 


SpecTROGRAPHIC CORRELATION OF Or, WELL 
Waters—M. F. Hasler, in Gropuysics, vol. 2 
(1937), No. 2, pp. 127-131. 


A spectrographic analysis of oil well water brines 
is described, which allows the detection and measure- 
ment of a much larger number of elements than the 
chemical method usually employed, with a con- 
siderable saving of time. This larger number of cor- 
relation variables have been analyzed statistically 
and found to give correlations in many cases where 
the usual chemical tests were inadequate. It is 
proposed that the same methods may be applied 
to core analysis. 


New Puysicat-CHEMICAL VIEWPOINTS ON THE 
DIAGENESIS OF PETROLEUM—George R. Schultze, 
before SECOND WORLD PETROLEUM CONGRESS, Paris, 
June, 1937. 

Modern knowledge relating to physical chemistry 
of hydrocarbons, expecially as regards their thermo- 
dynamic stabilities, has advanced so far that at 
present definite conclusions can be drawn from the 
composition of a mineral oil as to transformations 
the original oil may have undergone in the course of 
various geological periods. 

Those hydrocarbons that are thermodynamically 
the most stable are found in mineral oils, which 
means that only the most resistant of such com- 
pounds are able to survive through long period of 
time. Correlatively, the most stable hydrocarbons 
are the oldest. This idea is schematically represented 
in the accompanying diagram, which pictures the 
qualitative dependence of the composition of crude 
oil on its age. The horizontal arrow represents the 
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specific gravity of the oil base, proceeding from para- 
fin base to mixed based to naphthene base oils; or 
more generally, in the sense of increasing value of 
the ratio C/H in the oil base. The vertical arrow 
shows the increase of the age of the oil deposit, which 
more or less closely corresponds to the depth of the 
oil-bearing formation. Variations observed in crude 
oils, from young tertiary back to paleozoic, are in 
accord with thermodynamic considerations. 

This point of view renders certain hypotheses on 
the diagenesis of petroleum deposits more or less 
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untenable. Thus, the hydrogenation theory which 
has been set up to explain the metamorphosis of the 
original mother substance is thermodynamically 
improbable, unless subsequent polymerization proc- 
essed are assumed. At any rate, the thermodynamic 
stability of hydrocarbons is now so well recognized 
that it is a valuable aid in the interpretation of the 
geology of petroleum deposits. 


Evo.vution or Gutr Coast CruDE O11_—Donald 
C. Barton, in BULL. AM. ASSOC. PETROLEUM GEO- 
LoGists, vol. 21 (1937) No. 7, pp. 914-946. 


Comparison of A.P.I. gravity and percentage 
content respectively of Miocene, Oligocene, and 
Eocene Gulf Coast crude oils from depths of 3,000 
to 5,000 ft. with the oils of corresponding age from 
depths of 5,000 to 7,000 ft. shows that A.P.I. 
gravity of the fractions and percentage content of 
the lower boiling fractions tend to increase with 
depth and age. The base of both the lower and the 
higher boiling fractions tends to change with in- 
creasing depth and age from naphthenic to inter- 
mediate, and almost to paraffinic. In order of simi- 
larity, those age-depth groups of crude oils are 
arranged; shallower Miocene, shallower Oligocene, 
deeper Moicene, shallower Eocene, deeper Oligocene, 
deeper Eocene. 

That variation of the Gulf Coast crude is con- 
sistent with transformation under the influence of 
time and some factor or factors proportional to 
depth below the surface but is inconsistent with 
alteration under the influence of time and some 
factor or factors proportional to nearness to the 
surface. The theory of evolution of the Gulf Coast 
crude oils from heavy naphthenic ancestral oils 
under the influence of time and some depth factor 
or factors therefore still is advocated. The evolution 
consists in, (a) decrease of the specific gravity of 
all but the lowest boiling fractions, (b) increase in 
percentage content of the lower boiling fractions, 
and (c) transformation of the base from naphthenic 
toward and almost to paraffinic. Cracking can not 
be the main reaction in the evolution. Methanation, 
possibly plus cracking, is regarded as the most 
plausible explanation of the evolution. 

This law of the variation of crude oil is only one 
of many; and occurrences of one type do not pre- 
clude the existence of other types. 


Sraminc Dritt Cuttincs For CALciTE-DoLo- 
MITE DIFFERENTIATION—W. D. Keller and George 
E. Moore, in BULL. AM. ASSOC. PETROLEUM GEOLOG- 
IsTs, ‘vol. 21 (1937) No. 7, pp. 949-951. 


The differentiation of calcite and dolomite in drill 
cuttings and core is accomplished by the following 
technique: 

Two solutions are used, the first being ferric 
chloride made up in water to about 2% percent 
strength and the second, ammonium sulphide 


(NH4)2S which has been saturated with H,S. 4 pan 
of water or running source is also needed. The rock 
specimen, either freshly broken or with its surfag 
freshly ground, is first wet with water, then jp, 
mersed for 5-10 seconds in the FeCl; solution, ap; 
next thoroughly washed and rinsed in water 
remove all free FeCl;. Holding it under the fauc, 
for a few seconds serves very well. A second in. 
mersion in the (NH,4)2S solution for about the san, 
length of time, followed by a second water ringe y, 
remove excess chemicals, completes the treatment 
The calcite stains black whereas the dolomite ; 
unaffected and retains its original light color, Ver, 
minute specks and intergrown angular grains of 
calcite are accurately, vividly, and distincly marke 
No discussion of the reactions involved is given, by 
probably the effect is caused as follows. Ferric 
chloride hydrolyzes into ferric hydroxide and hydr. 
chloric acid. The acid formed in hydrolysis equil. 
brium is weak and therefore attacks calcite by 
not dolomite. Neutralization at the calcite surfa 
causes deposition of iron hydroxide thereon, an 
this is stained to black iron sulphide by the ap. 
monium sulphide. About the only precautions negs. 
sary are that the specimens be clean (free from grease 
or any obstructing material) and that account b 
taken of any ferric chloride which may penetra 
and be held interstitial to the grains. 

Drill cuttings can be tested by the same technique 
A small sample may be held in a wire basket whk 
being immersed, or the cuttings may be covers! 
with the solutions in a beaker and the washing don 
by decanting with water. 


PETROLEUM GEOPHYSICS 


IDEVELOPMENT OF THE GERMAN NATIONAL Geo 
PHYSICAL SURVEY—P. Barsch, in OEL UND KOHLE 
vol. 13 (1937), No. 25, pp. 641-644. 


For obtaining information on a_ country-wite 
scale as a basis for exploiting the national miner 
resources the German government is executing 2 
comprehensive geophysical survey of its territory 

The primary basis of this survey is given in th 
first instance by a series of accurate gravity measure. 
ments with the pendulum, one such point being 
established for approximately each 3,000 squar 
miles of territory; the allowable error of thee 
measurements is one mgal. The points thus fue 
constitute absolute reference points to which 4 
detailed measurements are referred. Superimpox 
on this system of pendulum measurements is anothe 
network of primary measurements, one per te 
square miles, with the gravimeter, which in sone 
cases reach an accuracy of 0.5 mgal. These primay 
gravimeter measurements serve to disclose broa 
tectonic features such as old massifs and wit 
basins, and to some extent special structures likt 
salt domes and anticlines. A similarly plane 
general magnetic survey with the vertical fe 
balance gives a general idea of the distribution of t 
plutonic rocks in the deep lying massifs. The 
regional gravimetric and magnetic surveys are fou 
to dovetail satisfactorily, but the gravimetr 
measurements are considered to have the great 
direct practical value. To insure concordant 
between pendulum, gravimeter and torsion balastt 
measurements the scales of all instruments * 
calibrated in a mountainous region where there #* 
differences of several hundred milligals. 

With these primary points established, ™* 
detailed surveys are made with the torsion balance 
and by seismic refraction. The torsion balance 
surveys are on a scale not greater than 1:25,000 
Seismic reflection and electrical conductivity surv 
are considered less suitable for the purposes ° 
general reconnaisance and are confined to nar 
special surveys. As a part of this general survey 
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thorough laboratory study is made of the physical 
properties of rocks of all horizons from which samples 
can be obtained. The officials of the geophysical 
survey co-operate with the national geological sur- 
vey, and all persons or corporations in possession 
of geophysical information are required to furnish 
the same to the government geological survey, and 
to advise the authorities of plans for future geo- 
physical research in order to avoid duplication of 
effort. A special liaison is established with drilling 
operators in the oilfields. 

Torsion balance measurements are made at an 
average rate of 400 stations per block of 100 square 
kilometers (62 sq. miles). These measurements are 
tied in with the established gravimeter and pen- 
dulum stations, and when 10 or 20 of such blocks are 
correlated a very exact picture of the gravity 
features of a region is obtained. Detailed geophysical 
work is then left to private interests in the oil 
industry. 

Parallel with this general gravity survey is a 
nation-wide seismic survey, carried out on the basis 
of two explosion points and 20 measuring points 
per survey block of 100 sq. kilometers, with profile 
lines as called for by the geological structure. 

Reports from the field crews are turned in fort- 
nightly. They are first digested by geophysicists, 
who work out the isogams, gravity axes, maxima, 
minima, etc. The final touches are applied by a geo- 
physically trained geologist. The combined report 
thus includes all accessible information, and is sub- 
mitted to the chief of the Reich’s drilling program 
in the form of a folio containing a topographic map, 
a seismographic map, a structure chart, a summary 
of all geological information including existing well 
logs, and finally a chart of the important gradient 
profiles and their mathematical evaluation. This 
folio serves as a basis for giving information to the 
industry. 


ATMOSPHERIC POTENTIAL GRADIENT MEASURE- 
MENTS—Lynn G. Howell, in GEopHysics, vol. 2 
(1937), No. 2, pp. 161-165. 


Relative atmospheric potential gradient measure- 
ments were made in the neighborhood of a salt 
dome. Two sets of measurements were made simul- 
taneously at two different points. Wulf-type electro- 
meters were used with thorium ionium nitrate col- 
lectors insulated with sulphur. From the results 
it is concluded that if there is a change in potential 
gradient of the atmosphere due to subsurface 
features this change is very small, and certainly 
small in comparison to the changes produced in the 
atmosphere itself. This seems quite reasonable in 
view of the fact that the ground is for practical 
purposes a perfect conductor compared to the air, 
with a few possible exceptions such as dry sand. 
The change from point to point of radioactivity, 
humidity, dust, etc., which might influence the 
gradient probably depends very little on the sub- 
surface and is probably small on the average between 
points not too far separated. 


INTERPRETATION OF GEOPHYSICAL DATA—Ludwig 
W. Blau, in GEopuysics, vol. 2 (1937), No. 2, pp 
95-113. 


Geophysical data result from measurements of 
physical properties. The geophysicist postulates cer- 
tain possible physical causes of the observed effects. 
The geologist reasons from observed geologic effects 
to geologic causes. The difficulties confronting the 
interpretation of physical effects as reflected in 
geophysical data in terms of geologic causes are 
pointed out. The author takes the position that geo- 
physical data must be worked up independently. 
A competent geophysicist-geologist may combine 
geophysical and geologic information in the pre- 
paration of a report which will then, and only when 
this procedure is followed, include all present knowl- 
edge of the area under investigation. 

The requirement that geophysical data be im- 
mediately translatable into geologic language and 


furnish material for drawing geologic contour maps 
is shown to be incompatible with the nature of geo- 
physical data. Attention is drawn to the changing 
geophysical scene and to the tendency to use geo- 
physical methods after they have ceased to be 
adequate for the solution of prospecting problems. 

It is suggested that geology can aid geophysics 
principally through library reconnaissance and ad- 
vance surface mapping. Geophysics has become a 
serious competitor of geology in the search for oil, 
and the geophysic-geological ecotone has advanced 
steadily into geologic territory. 


Continvous Proriinc MeEtHop oF SEISMO- 
GRAPHING FOR OIL StRUCTURES—Sylvain J. Pirson 
in T. P. NO. 833, L-54, GEOPHYSICAL PROSPECTING, 
Am. Inst. M. and M. Engrs. 


The continuous profiling method of prospecting 
has been in great favor for the last few years in 
detailing subsurface structure suitable for oil and 
gas accumulation. It reduces practically the inter- 
pretation and correlation of the seismic reflection 
records to a mechanical routine with the result that 
errors are less likely to creep into the final results. 
Field procedure, computation of the records, and 
weathering corrections, as well as the correlation 
procedure, are explained in detail. 


DRILLING 


Disposat or SALT WATER IN THE CRYSTAL OIL- 
FIELD (MontTcALM Co., 1Mcu.)—G. E. Eddy, in 
PROGRESS RPT. MICH. GEOL. SURVEY, p. 7. 


Because of the danger of contamination of fresh 
water supplies, the damaging of property of riparian 
owners along the streams that drain the Crystal 
area, and because of the danger to fishing and other 
recreational interests, brine cannot be dumped into 
the streams. To date, much of the brine has been 
confined to ponds, but this has proved unsatisfactory 
because of the porous nature of the soil. Numerous 
test holes drilled show the soil to be principally sand 
and gravel. Any water put into ponds readily seeps 
through the wells and bottom of the pond and 
mingles with the ground water. Eventually it would 
find its way to the Grand and Pine rivers and many 
communities downstream. 

Experiments have been made in putting the brine 
back into the water horizon below the productive 
zone. Considerable success has been obtained in two 
wells on the edges of the field, one well taking brine 
at the rate of 180 bbl. per hour and the other at a 
much higher rate. In fact, the water-bearing stratum 
absorbed the brine faster than the pumps could fill 
the hole. At the present time, this method of brine 
disposal seems to be the most satisfactory for this 
area. 


WELpING oF O1-WELL Castnc—Louis R. Hodell, 
in MINING AND METALLURGY, vol. 18 (1937), No. 368, 
pp. 380-382. 


There is now a definite trend toward the use of 
the welded joint in oil well casing, for the following 
reasons: 

(1) Plain end casing for welding may be bought 
for 15 percent less than thread-and-coupled casing; 
some of this is offset by the cost of welding the pipe 
in the hole but a respectable net profit remains. 

(2) A properly welded joint eliminates the leak- 
ing in thread-and-coupled joints. This leakage, not 
noticeable or serious in the past, has become increas- 
ingly objectionable because the exhaustion of shallow 
pools has made for deeper drilling which in turn 
taps oil reservoirs under greater pressure. Whereas 
a few years ago pressures of 1,000 Ib. per sq. in. were 
encountered in newly discovered pools, they are 
now 4,000 lb. and upward. Admittedly, certain 
thread-and-coupled joints of superior design are 
available which seem to be leak-proof at these high 
pressures but they cost more. The welded joint, 
which is leakproof, is cheaper. 


(3) Higher joint efficiencies may be expected fro, 
welded joints. The usual thread-and-coupled join, 
gives a joint efficiency of from 50 to 70 per con 
whereas a welded joint may be expected to give 
from 80 to 100 percent. By efficiency is mean 
resistance of the joint to tension. 

(4) Use of butt-welded joints permits a close 
tolerance between inner and outer strings, which 
may mean that a larger inner string may be ryp, 
inside an outer string of given diameter; or a smaller 
outer string may be run to contain a subsequent 
inner string of a given diameter; and a smaller hole 
may be drilled to carry either the inner or oyte 
string. 

(5) In abandoning wells every effort is made to 
recover as much pipe as possible from the hole 
However, when the pipe has set for many years the 
various formations settle and pack around it so that 
there is great friction to overcome in withdrawing 
the pipe. This is accentuated by the coupling, which 
extends out from ™% to 34 in. beyond the stock of 
the pipe. Butt-joint welds should serve to eliminate 
much of this drag. 

The biggest advance toward successful welding of 
oil well casing was the introduction of the shielded. 
arc method, employing the covered electrode. This 
has a distinct advantage over the acetylene method 
for this kind of work. The general application of 
welding to oil field practice has been delayed, firs 
by the scarcity of expert welders who can hand 
this specialized job, and secondly, because until 
recently little if any casing has been manufactured 
for welding; this latter reason is important, for some 
steels are more weldable than others, and one or two 
manufacturers have started to produce the more 
easily worked grade. 

A job in which 5,963 ft. of 826 in. 36 Ib. casing 
was welded is described as follows: 

Four 300 amp. generators mounted on trucks were 
used. Four men welded simultaneously, working 
four hours and resting two until the completion of 
the job. A rathole about 30 ft. deep, was drilled 
about seven feet from the well hole. A 40 ft. joint 
of casing was picked up by the pickup clamps and 
the catline and lowered irto the rathole. A second 
40 ft. joint was then picked up and set on top of the 
first joint. The two were brought into alignment 
by means of the line-up clamps, after which the 
joints were tacked through the clamps, then the 
latter removed, and the joints welded. When the 
weld was completed, the 80 ft. joint of pipe was 
picked out of the rathole and lowered into the wel 
hole. Two more singles were welded together into 
an 80 ft. double and set on top of the 80 ft. already 
in the hole. Then still another pair of 40 ft. joint 
was picked up, the first going into the rathole, ths 
second being stabbed on top of the first. From thie 
point on, two welding jobs proceeded at the sames 
time. Two men welded on the joints going in the wel 
hole and two men on those in the rathole, thus 
doubling up on the work and saving considerable 
time. Experience indicates that seven-inch welded 
casing can be run in the over-all time of seven-ant- 
a-half feet per minute. Net saving to the operator 
in the use of welded joints in place of thread-and- 
coupled joints appears to vary between five and 1? 
percent of the cost of the casing. 


Automatic Feep AND WEIGHT ControL—Brat 
Mills, in O1L WEEKLY, vol. 86 (1937), No. 9, pp. 444 

The first application of automatic feed and weight 
control for rotary drilling in the Gulf Coast has bee 
installed at Hastings. Control consists of a \* 
engine coupled to a self-locking worm gear throug! 
a hydraulic transmission. With the drum connectet 
through the low cluth to the line shaft, the entit 
load of the drill pipe is carried on the worm ge 
and handled by the V-8 engine. : 

The system consists of three push switches mounte? 
in a small box on the end of a portable cord. Tie 
box is hung on the draw works at the driller’s usu 
position. For manual control the driller uses two ® 
the push buttons. One accelerates the rate of feed 
and the other retards the speed. By use of these the 
machine can be regulated either to feed or retrievé 
the drill pipe at any speed desired, from a few inches 
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per hour to 120 ft. per hour. Speed may be quickly 
changed by the driller as conditions change. _ 

Under conditions that require a constant weight, 
the driller, by manual control, sets the machine 
feeding at a rate that establishes the desired weight, 
and simply pushes in a third switch that cuts in the 
automatic feature. The machine then automatically 
maintains the weight that was on the bit at the 
moment the switch was closed. 

The two switches used for manual control show 
a very interesting response. As the operator pushes 
the lower of the two switches, the controls will begin 
to operate, and the longer the button is held the 
faster will become the rate of feeding. When the 
button is released, the machine will continue to feed 
at that rate until another change is made. When a 
slower drilling rate is required, the top button is 
pushed and held for the time necessary for the 
control to reach the desired rate of feeding, and if 
held long enough it will go past the neutral point 
and start picking up the load. The third switch 
simply cuts the automatic feature into operation, 
and when it is desired to change the weight the 
automatic switch is pulled and the manual switches 
again are manipulated to find the correct weight. 


Rotary INSTALLATIONS DRIVEN BY DIESEL 
EncINES WITH HypravuLic CoupLincs—H. M. 
Hohman, before SECOND WORLD PETROLEUM CON- 
cress, Paris, June, 1937. 


Remotness and native labor conditions in regions 
of the Dutch East Indies induced the Royal Dutch- 
Shell Company to make ‘use of direct Diesel-driven 
rotary outfits. Objects to be attained were lightness, 
high speed, and wide speed regulation. Friction 
clutches were irstalled. Engines were provided with 
hydraulic couplings permitting 100 percent slip 
during a period of 10 to 15 minutes, which is es- 
pecially desirable for fishing operations. This first 
design was fairly satisfactory, but left something 
to be desired on the score of flexibility; the noise 
from eight or nine chains when drilling was annoy- 
ing, and the type of friction clutch used on the 
counter shaft required great physical strength on 
the part of the operator. 

The second outfit was therefore equipped with 
two engines provided with Vulcan Sinclair couplings 
with ring valve coupled to the fuel control in such 
a way that at idling speed (250 r.p.m.) the ring valve 
is closed and at 350 r.p.m. it is wide open. The 
lubricating system is used to actuate the ring valve. 
Countershafts are equipped with disk-type friction 
clutches and pumps are driven by V-belts. By using 
a two post three shaft draw works the number of 
chains used in drilling was reduced to two. The main 
draw works friction clutch and the reverse gear were 
operated by oi pressure from a gear pump driven 
from the end of the countershaft, and the control is 
arranged so as to regulate them as well as either 
engine separately or both together from the driller’s 
position. 

The outfit is entirely self-contained, including 
Diesel-driven auxiliary plant for electric current, 
mud mixing plant complete with pumps, a pump for 
high pressure water in cementing operations, an 
electrically driven pumps for water supply. The 
outfit is distinctly lighter than an equivalent Diesel- 
electric installation and in operation shows satis- 
factory economy. slee—w 
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Turxotropy of Mups—M. A. Reid, before 

= WORLD PETROLEUM CONGRESS, Paris, June, 
‘. 

Thixotropy refers to the property possessed by 
Many suspensions of setting to a jelly when al- 
lowed to stand undistrubed; this jelly can be broken 
down merely by shaking when the suspension reverts 
to the fluid condition. The change from jelly to 
liquid and liquid to jelly can be brought about an 
indifinite number of times. 

_ Thixotropy is met with in drilling muds par- 
ticularly those to which reagents such as water-glass 
and sodium tannate have been added. It is probably 
largely due to the charges carried by particles in 
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suspension and partly also to the size and shape of 
the particles. It may be that thixotropy is an inter- 
mediate stage between perfect stability and complete 
coagulation of a suspension. 

The viscosity of thixotropic mud changes as the 
jelly forms or is broken down. The viscosity/time 
relationship associated with thixotropy must not be 
confused with other changes in viscosity with time. 


OIL WELL OPERATION 


Acip Treatinc New Om Wetts—E. A. New- 
Man, in PROGRESS RPT. NO. 1, MICH. GEOL. SURVEY, 
pp. 7-8. 


An interesting method of drilling in wells has been 
pioneered by the Gordon Oil Company. Drilling is 
stopped when the top of the pay is reached. At this 
point, the well does not usually flow and acid is 
then pumped in through tubing and is forced out 
laterally into the pay, rather than downward into 
the water level. Using this method, more oil per 
barrel of brine is recovered, and the ultimate en- 
croachment of bottom and edge water is retarded. 
This practice is more successful than drilling into 
water and plugging back because in plugging off 
bottom hole water, it is very difficult to avoid sealing 
off all or a part of the thin oil pay. 


Awacysis or SucKER-Rop Down-TIME AT OKLA- 
HOMA City—Tom B. Campbell, in om WEEKLY, 
vol. 86 (1937), No. 9, pp. 18-24. 

The Oklahoma field has the distinction of being 
the first really deep field to be placed on the pump 
and thereby gave emphasis to one of the oil pro- 
ducer’s major problems, that of sucker-rod down- 
time due to rod breakage. Causes of such breakage 
are many and are treated by the author in much 
detail. Among counter-measures it is recommended 
to keep working stresses below 30,000 Ib. per sq. in. 
and to use steel of medium rather than high tensile 
strength, because the former, being more elastic, 
is less subject to fatigue. Corrosion has never been 
a major problem in this field, but it has been found 
that working stresses must be 3,500 Ib. less in salt 
water than in sweet wells. 

As regards the future, the author observes that 
it will be only a matter of time until one-inch rods 
will be used extensively. Several one-inch and seven- 
eights inch tapered strings are now being used. It 
has been difficult to shoulder the one-inch rods 
snugly but that is being remedied by using larger 
wrenches. However, as yet one-inch rods are still in 
the experimental stage. Engineers predict that it will 
not be long until wells will pump with 11% in., one- 
inch, 7%-in. and 34-in. rods in tapered rod strings 
operating in tapered strings of three-inch and 2% 
in. tubing. Rods will in the future be chosen for 
individual wells and studies will be concentrated on 
individual well conditions. The fact that five per- 
cent of the wells in Oklahoma City are responsible 
for 50 percent of the rod down-time proves the 
necessity of individual well study. Those wells, as 
a rule, are more important than average wells. 

The industry is compelled to go to larger rods. 
How far they can economically go, and at what rod 
sizes the dead load will increase the unit stress more 
than the larger cross section will reduce it are still 
unanswered questions. No matter what size rods 
are used one should always remember that the rod 
string is a very delicate piece of equipment. 


NATURAL GAS 


Naturat Gas IN THE Wortp Motor Fue 
Market—D. E. Buchanan before SECOND WORLD 
PETROLEUM CONGRESS, Paris, June, 1937. 


From its beginning the production of natural 
gasoline has been a conservation measure as well as 
an adjunct of crude oil production. For a long time 
in the early history of the oil industry it was a 
wasted by-product; now it makes no mean con- 
tribution to the current supply of motor fuel, as 
indicated in the accompanying table. 


Number Output, $ Value %U.S. Motor 


Year Plants Metric Tons AtPlant Fuel Prod. 
a 176 18,565 750,000 No data 
Sinatwecas 96 258,740 14,331,148 5 
. 116 1,184,160 69,626,800 9 
ES eset 1063 3,392,000 129,710,080 10 
ae . 987 4,578,000 55,677,600 11 
1936. . . 859 4,600,000* 65,000,000" 10 
“Estimated. 


Most of the American natural gasoline that enters 
the world market comes from the Mid-Continent 
and Gulf Coast fields. The 18-lb. vapor pressure 
grade is probably the most popular in cargo markets 
outside the United States. Typical distillation data 
of this grade are as follows: 


Low Medium High 
volatile volatile volatile 
Gravity (deg. API)..... 77-81 80-84 84-88 
Octane number....... 65-70 71-74 75-78 
Evaporated at 38 deg. C. 5-10% 15-25% 30-40 % 


Evaporated at 60 deg. C. 30-40% 
Evaporated at 100 deg.C. 70-80% -90% 9 
"Pree 185 deg. C. 175 deg.C. 165 deg’ C. 


A vast amount of research has been directed 
toward the conversion of the lighter waste hydro- 
carbons to various synthetic products, such as 
alcohols, ketones, benzol, toluol, acids, aldehydes, 
and such condensation products as bakelite. The 
reaction of these lighter hydrocarbons, at elevated 
temperatures and pressures, with and without the 
aid of catalysts is well known, but this field offers 
slight promise of commercializing any appreciable 
quantity of these hydrocarbons potentially avail- 
able, because of the competition of other source 
materials and the rather limited market, from a vol- 
ume standpoint, for the finished products. 

The first commercial development, of any con- 
sequence, of markets for byproducts from the manu- 
facture of natural gasoline was the adaptation of the 
liquefied petroleum gases to domestic use, such as 
for space and water heating, cooking, etc., and later 
for industrial use, such as gas enrichment, heat treat- 
ing metals, and as motor fuel for specially equipped 
trucks, buses, locomotives and stationary engines. 
Here again hope of these markets consuming any 
worth while percentage of the potential supply does 
not seem justified. 

Polymerization, just now in the initial stages of 
commercial application, may prove of great benefit 
to the natural gasoline industry. The rather limited 
literature available at this time indicates that in- 
stallations for the polymerization of the saturated 
hydrocarbons, butane and propane such as are 
produced as byproducts in the manufacture of 
natural gasoline, may only be economically feasible 
where large volumes are available at a central loca- 
tion and such locations are rather few and far 
between. 

Present day yields do not seem to provide suffi- 
cient return on plant investment to cover rail 
transportation of the raw material to the processing 
plant and leave anything for the manufacturer of 
the raw material. It is anticipated, however, that, 
with further perfection of the processes of poly- 
merization, installations will be made in most of the 
large refineries wherein, particularly the unsaturates 
in the butane series which are now being incor- 
porated in motor fuel as well as the propane series 
which are now being burned as fuel, will be poly- 
merized, opening the way for the utilization of 
additional quantities of natural gasoline, and of 
higher than today’s allowable butane content, in 
order to replace the volatility now being supplied 
by the refinery vapor recovery systems. 


Evaporation Test OF COMMERCIAL BUTANE— 
H. W. Van der Hoeven, before SECOND WORLD PE- 
TROLEUM CONGRESS, Paris, June, 1937. 

For the analysis of technical butane the N.G.A.A. 
method of distillation has been used up to now. The 
author has constructed an apparatus which allows 
obtaining a much greater accuracy in measuring. 
This apparatus consists in a graduated conical tube 
containing 75 cm* of butane. This tube, surrounded 
by an air-bath, is immersed in a water-bath at 75- 
100 deg. The graph of evaporation is obtained by 
noting the temperatures corresponding with residual 
volumes. The graph of evaporation does not show a 
geater discrepancy than +0.2 deg. 
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TRANSPORTATION 


CENTRIFUGALED Cast IRON PIPES FOR THE PE- 
TROLEUM INDUsTRY—Pierre Boissou, before SECOND 
WORLD PETROLEUM CONGRESS, Paris, June, 1937. 


For several years French iron works have been 
making cast iron pipes by the centrifugal method for 
the petroleum industry. These special pipes have the 
same excellent corrosion resistance of ordinary cast 
iron, or even better, and because of their charac- 
teristic internal structure possess physical and me- 
chanical properties that make them well adapted 
for the construction of tight, resistant and durable 
pipelines for oil, even under high pressures. 

The pipes may be connected by threaded unions, 
by male and female screw threads, by welding, by 
flanges, or by means of flexible and elastic joints, 
using a special packing ring. Sizes up to six inches 
can be curved by bending. Several lines constructed 
with this pipe are in operation in France and Algiers. 


LocatinG PireLines By Rapio—C. M. Brechei- 
sen, before SECOND WORLD PETROLEUM CONGRESS, 
Paris, June, 1937. 


The quickest and most economical method of 
locating a buried pipeline is by using a radio pipe- 
line detector. The detector has many uses both inside 
and outside of the pipeline field, namely: locating 
points of injunctions of connected lines, taps, drips, 
service connections, miscellaneous lines such as may 
be found around any pump station or refinery, con- 
duit and underground cables, water and gas lines in 
cities, plumbing and electric wiring inside walls of 
houses and other buildings, etc. The detector can be 
used to make inspections on pipelines used for 
transportation of gasoline and other refined oils in 
an effort to prevent tapping and subsequent theft 
of products. The detector set consists of a high 
frequency transmitter, an ordinary two-stage port- 
able radio receiver, a set of ear phones, and a 
selective directional loop antenna. 

Cost of complete detector set will range from 
$25.00 to $35.00 depending entirely on the type of 
the equipment and the quality of the material used 
in the cabinet. In order to place the radio detector 
in operation it is only necessary to know the location 
of the buried pipeline at one point. 


REFINING 


Vacuum Firtration oF Lupricatinc O1s—J. 
J. Allison and J. B. Rogerson, in Om & GAS JOUR., 
vol. 36 (1937), No. 9, pp. 73-75. 


Under the title “Low lubricating stock loss is 
feature of new Lion vacuum filter” the authors 
describe what is said to be the first instance of appli- 
cation of an Oliver rotary vacuum filter to the 
separation of treating clay from lube oils without 
diluting the oil. In this work there is first built upon 
the filtering surface a 2-in. layer of diatomaceous 
earth (Hy-flo cellite). The oil to be clarified is then 
fed into the filter tank at a constant level. As the 
drum revolves an advancing knife-edge shaves off 
the clay layer together with a thin film of the filter 
aid, which is removed from the filter by means of a 
screw conveyor. The knife’s advance into the coat 
is at a rate of .0004-in. per revolution, which con- 
tinues until the coat is about %-in. thick when a 
new coat is put on and the cycle repeated. One cycle 
lasts 7 days. The installation is said to have a 
capacity considerably in excess of the usual Sweet- 
land filter, together with a lower labor cost. 


Tue PHENOLATE PROCESS FOR SULPHUR RE- 
MOVAL AND SULPHURIC ACID PRODUCTION FROM 
REFINERY Stitt GAas—Alfred R. Powell, in NATL. 
PETROL. NEWS, vol. 29 (1937), No. 24, pp. 50-58. 


Sulphur-bearing gases are bubbled through a cold 
solution of sodium phenolate, where sodium sul- 
phide is formed and phenol is set free. The solution 
thus obtained is then boiled, whereupon reverse 
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action occurs, sodium phenolate again being formed 
and hydrogen sulphide expelled in gaseous form. 
The regenerated sodium phenolate is then returned 
to the cycle. This process has been installed at the 
El Segundo refinery of Standard Oil Company of 
California to purify 16,600,000 cu. ft. of gas a day; 
at capacity operation the daily production of 
hydrogen sulphide gas is 40 tons (98 percent HS) 
which is piped to an acid plant for conversion into 
sulphuric acid. The recovery of hydrogen sulphide 
from the gas is 96 percent. Total operating cost is 
figured at $6.90 per ton of recovered sulphur, which 
is less than the market price of natural brimstone 
sulphur. 


New Ipeas IN PracticaL SOLVENT REFINING, 
EsPECIALLY WITH PHENOL—F. Schick, before sEc- 
OND WORLD PETROLEUM CONGRESS, Paris, June, 1937. 


The author presents an apparatus for continuous 
solvent refining of lubricating oils, using phenolasthe 
solvent. The layout of the extracting system is shown 
in the accompanying diagram, where in 1 is the oil 
supply tank, 2 the phenol supply tank; 3 and 4 are 
meters; 5, 6, 7 are mixing pumps; 8, 9, 10 are centri- 
fugals to run at 8,000 r.p.m., the temperature of the 
centrifugaled mixture being 70 deg. C.; 11 is the pipe 
leading to the raffinate column; 12 the pipe leading 
to the extract column; the letter a designates the 
pipes for oil or raffinate mixture, b_the pipes for 
phenol or extract mixture. 
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The solvent is recovered in a specially designed 
vacuum column heated by coils through which 
circulates high pressure steam. No steam is injected 
into the column, thus avoiding azeotropic pheno- 
mena, and the recovered phenol is directly returned 
to the cycle. 

Advantages of this system are simplicity of con- 
struction, small space required and the short time 
necessary for a charge to pass through the system. 
This high rate of circulation makes it possible to 
operate with a relatively small quantity of solvent. 
In order to attain this speed the solvent recovery 
column is specially designed to effect the separation 
of phenol and extract at a high rate. 

Losses of solvent over weekly periods do not 
exceed 0.04 to 0.05 percent, figured on weight of oil 
treated, and where no disturbances in operation 
occur the loss is under 0.03 percent. No chemical 
alteration of the phenol has been observed after 
long use. 


BRecent Procress IN REFINERY Acip RECOVERY— 
S. F. Spangler, before sECOND WORLD PETROLEUM 
CONGRESS, Paris, June, 1937. 


The author first discusses the Hechenbleikner 
process (Chemico sludge conversion process) for the 
recovery of sulphuric acid from acid sludge by de- 
composing the sludge into coke and sulphur dioxide 
in a rotary furnace; in this process the hot combus- 
tion gases are introduced directly into the interior 
of the furnace and the sulphur dioxide is trans- 
formed into sulphuric acid by the contact process. 

This process is usable only with certain kinds of 
acid sludge, especially those originating from the acid 
refining of white oils. The decomposition products 


of these sludges contain a very small amount ¢ 
light hydrocarbons (about 2 percent). The uncgg, 
densible hydrocarbons are disposed of by burning 
in a special furnace. 

The majority of acid sludges give rise to ge 
composition products that are too rich in unegp, 
densible hydrocarbons, so that after Purification 
these gases contain too little sulphur dioxide to fy 
suitable for the contact process. To avoid this 
disadvantage an attempt has been made to preven 
the introduction of combustion gases into the ro 
furnace; instead, coke resulting from decompositigg 
of acid sludge is introduced into the furnace ang 
burned at a high temperature. This substitution ¢ 
coke for gas is possible because the process in general 
yields an excess of coke. In some cases the acid 
sludge gives too little coke; when this is the cag 
the coke is in part supplemented by hot sand. 

Three factories are being built to utilize th 
process and will shortly be put in operation. 


AN IMPROVED PbS SWEETENING Process~ 
C. W. Stratford and D. B. Nutt, before Seco ff 
WORLD PETROLEUM CONGRESS, Paris, June, 1937, f 


| 

The doctor treatment with plumbite of soda ang 
all similar refining processes employed up to th 
present have the following disadvantages: lang 
volume losses, increase of color, decrease of octan f 
number, occasional production of a high copper 
corrosion index, and a high cost of operation. 

Laboratory researches and practical operations 
pursued through several years according to a definite 
plan have shown that all these disadvantages may 
be avoided by introducing some modifications inty 
the classic PbS refining process. The resulting 
modified process is known as the Stratco PbS refi. 
ing process; its value has been proved by seven § 
years of commercial operations on a large scale. ff 

Reagent employed is a suspension of a pe ff 
formed, dense PbS in concentrated caustic soda 
which has the property of rapid precipitation f 
The gasoline is intimately contacted with ths 
reagent, which is reactivated during the operatia 
by introduction of a small, measured amount of ait, f 
The most important point is to maintain the reagest J 
in a certain condition of chemical equilibrium; tht f 
is, a condition in which only a certain known quat 
tity of plumbite and sulphide ions will be presentia 
the solution. This condition is maintained by th 
continuous introduction of a known quantity d 
sodium sulphide in solution. Any excess of sodium 
plumbite which may result from the oxidation d 
sulphide of lead in alkaline solution is thus precip 
tated by the sodium sulphide. All excess of plumbite f 
in solution is to be avoided because it modifies tht f 
course of the refining process, and has an unfavwer 
able effect on the color of the refined gasoline. 

The process thus amounts to a catalytic oxidation 
under well controlled conditions. Gasoline obtainet 
is sweet and of a good quality. 


AANALYsIs OF PHASES OBTAINED IN AN EXTRA 
TION Process—A. Schaafsma, before SECOND WORD & 
PETROLEUM CONGRESS, Paris, June, 1937. 


. - 

Three simple methods are compared for determi f 
ing the concentration of the solvent in the extrait — 
and raffinate phases obtained when a mineral @% 
is extracted by means of a polar solvent. These a 
the addition of a solvent, such as alcohol, that dos { 
not dissolve the hydrocarbon, followed by cenit 
fugaling; evaporating the solvent and weighing tit 
hydrocarbon; and determination of the dielectt® 
constant of the mixture. The second of these metho 
is used if the operation is to be followed by a deter | 
mination of the refractive index of the hydr 
otherwise the third method is employed because 
consumes the least time and is to be preferred ifm 
further data on the properties of the oil are req 

Dieletric constant is measured by determuning? 
frequency of an oscillating circuit and comparilg 
the result with a standard frequency. Suitable ty 
of this apparatus are on the market. There 1s 4 
difference between the dieletric constants of hyai®} 
carbon oils and polar solvents such as Sup | 


- 
i 
WORLD PETROLE® 





nount of 
€ uncon. 
j burning 


© to de 
n uncon. 
Irificatiog 
cide to be 
void this 
O prevent 
he rotary 
Mpositiog 
nace and 
itution of 
in general 
> the acid 


operations 


a definite 


tages may & 


ations into 


ustic soda, 
ecipitation, 
with this 
e operation 
ount of ait, 
the reagent 
rium; that 


mineral @ 
These am 





ANYWHERE 


ANGELES. 6800 S ALAMEDA. PHONE KIMBALL 


5151 @ WILMINGTON. 1260 ALAMEDA PH. WILMINGTON 57] @ BAKERSFIELD, UNION AVE 


PH 1037 @ AVENAL. PH KETTLEMAN 2 @ INDIO. PH INDIO 302 © 














dioxide, furfurol or nitrobenzene, so that sharply 
contrasting figures are obtained. Measurements 
should be made at definite temperatures. A standard 
curve allows an easy evaluation of the results. 


HiyproGENaTION OF HypROCARBONS IN THE 
ABSENCE OF CaTALysts—Andre Leopold, before 
SECOND WORLD PETROLEUM CONGRESS, Paris, June, 
1937, 


The only difference between hydrogenating hydro- 
carbons with and without catalysts is the single 
question of velocity of reaction; the final equilibrium 
is the same in either case but the time required to 
reach this equilibrium is short in the one case and 
long in the other. Hydrogenation without catalysts 
is of interest chiefly in countries which have at their 
disposal only shale or schist oil, bitumens or residues 
derived from imported crude oils. Economical hydro- 
genation of such materials without catalysts de- 
pends on the choice of conditions that will displace 
the equilibrium as far as possible in the direction 
of the lighter fractions. Chief among these condi- 
tions are initial pressure, final pressure, tempera- 
ture, ratio of hydrogen to crude material, and 
composition of the hydrocarbon mixture. 


Drovorizinc IRAQ CRUDE Om By FIXING THE 
HYDROGEN SULPHIDE BY MEANS oF SopA—Henri 
Pascal, before SECOND WORLD PETROLEUM CONGRESS, 
Paris, June, 1937. 


Owing to the presence in Iraq crude of 0.110 per- 
cent of hydrogen sulphide in addition to 1.8 percent 
of suphur and other sulphur compounds, it was 
necessary to take measures for reducing the effect of 
these products, during the interim before the stabili- 
zation units were in operation. Toward the end of 
1935, the practice was adopted of injecting a sea- 
water soda solution into the crude during pumping 
operations at Tripoli and Haifa—the H2S being 
thereby transformed into NaS. 

This expedient presented certain difficulties, nota- 
bly emulsification during shipments, deposition of 
salt in topping units, and of decomposed mercaptans 
in cracking equipment. 

The problem was solved by breaking the emulsion 
through heating the crude at a temperature of 194- 
221 deg. F. and a pressure of 28-43 Ib. per sq. in. 
The period varied according to the water content 
and the stability of the emulsion. The heavy sodium 
compounds were eliminated at the same time by in- 
injecting 1-2 percent of fresh water with the crude. 


Fixep CATALysts IN PREssuRE HYDROGENATION 
—M. Pier, before SECOND WORLD PETROLEUM CON- 
GREss, Paris, June, 1937. 


Hydrogenation under pressure with a permanently 
fixed catalyst in lump or pill form is considerably 
superior in efficiency and output to pressure hydro- 
genation with a finely dispersed catalyst; the reason 
for this is that the lump catalyst displays its effect 
at a high degree of concentration. Further, the 
stationary lump catalyst can be used for hydro- 
genation in either the gaseous or the so-called sump 
phase, whereas finely dispersed catalysts are now 
confined to the sump phase and to cases where there 
is continuous deterioration of the catalysts, which 
has to be continuously fed in a fresh condition. It is 
in the direction of fixed catalysts that most progress 
is now being made in this branch. 

Fixed catalysts were first used on a technical scale 
in hydrogenation-cracking in the gas phase of middle 
oils originating from a previous hydrogenation in 
the sump phase at a temperature of about 400 to 
500 deg. C. and a pressure of 200 atmos. and higher. 

In the range of temperatures below about 400 deg. 
the cracking effect is reduced, but the volocity of 
hydrogenation is reduced to a less extent. This still 
leaves it possible to remove any existing oxygen, 
nitrogen or sulphur compounds and to hydrogenate 
the diolefines and even naphthalene. In this case the 
formation of gas oil and kerosene are promoted 
at the expense of the heavier oil. In a similar manner 
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it is possible to incorporate more hydrogen in inferior 
lubricating oils, thus reducing the degree of inter- 
dependence between their viscosity and temperature. 

Another field of use opened to stationary catalysts 
is the hydrogenation of heavy products, even such 
as contain asphaltum. Carbonization tar from lig- 
nites, for example, yields highly paraffinous hydro- 
carbons and a good engine oil; a second hydrogena- 
tion reduces these to motor fuels. 

The field under consideration is limited only by 
the possibility of finding catalysts or combinations of 
catalysts that will meet various conditions and it is 
along this line that most progress in catalytic hydro- 
genation is being made. The finely divided catalyst 
appears to be on the way out. The chief remaining 
difficulty is to find catalysts that are immune or 
resistant to poisoning by substances that occur in 
petroleum products, and expecially in carbonization 
products of coal; among these sulphur, which occurs 
in practically all petroleums, is the most formidable, 
but here the researchers are playing fire against fire, 
as it were; the tendency is to develop catalysts that 
are themselves sulphur compounds (MoS, for 
example). 


Tue Corrosion PRoBLEM IN FRENCH REFINERIES 
—Moynard, Moyne and Nocturne, before sECOND 
WORLD PETROLEUM CONGRESS, Paris, June, 1937. 


This report is a discussion of corrosion problems 
studied in the laboratory and plant of the Port 
Jerome refinery of the Standard Francaise des Pe- 
troles. Taking as a basis the corrosion equation 
set up by U. R. Evans, it is shown how the rapidity 
of the corrosion varies. This depends on whether the 
corrosion products remain on the surface of the cor- 
roded metal (decrease of rate of corrosion) or are 
eliminated as they form (erosion). 

The influence of the physical state of the corrosive 
agents is then studied, attention being paid to the 
vapor phase, solution in unrefined hydrocarbons, 
solution in water. 

In particular, the hydrocarbon phase appears to 
be corrosive only above approx. 400 deg. F., and as 
regards corrosion at ordinary temperature, the 
aqueous phase alone is corrosive. Corrosion rates on 
the different refinery units at Port Jerome are then 
indicated, together with the means of overcoming 
them, as follows: 

On the Initial Distillation: Colombian crude gave 
serious trouble in the condenser and transfer equip- 
ment, this being remedied by the use of 18-8 alloy 
steel, brass, bronze or concrete lining. 

On the Cracking Equipment: Trouble caused by 
the use of Iraq crude with high sulphur content, rem- 
edied by the use of 18-8 alloy and 4-6 percent Cr. 
alloy steel, as well as concrete grunting. 

On Chemical Treating equipment: By the use of 
concrete lining and copper bearing steel. 

A last chapter discusses the trouble experienced 
as a result of running caustic soda treated Iraq crude. 
This trouble could only be removed by giving up the 
use of the caustic soda treatment; the elimination of 
the H2S was thereafter obtained by treating the 
crude with NH; and finally by pre-distilling it in 
the vicinity of the oil wells. 


EvoLutionary DEVELOPMENT OF SELECTIVE Ex- 
TRACTION BY PHENOL—Rene Navarre, before sEc- 
OND WORLD PETROLEUM CONGRESS, Paris, June, 1937. 


During the last four years treating conditions 
have been greatly modified. Each change has secured 
a new extension of the process. 

First, the lowest possible treating temperature has 
been used to insure the best yield for a given viscos- 
ity index improvement. Besides the reduction in 
treating losses, there are indications that treating at 
low temperature will permit higher treatment with- 
out overheating effects. 

Then, to overcome settling difficulties due to these 
low temperatures, spent phenol has been cooled 
down after leaving treating stages and recovered oil 
recycled with the untreated oil feed. Later, a tem- 
perature gradient through the treating stages has been 
used. Those two practices have confirmed the theories 


on fractionation in solvent extractions expound 
in the First World Petroleum Congress. 

The practical results remain far inferior to the 
theorical extraction results as deduced from the 
properties of the phenol as a solvent. A Change jn 
the separation of the phases—the use of centrifugal 
machines instead of static settlers—has not shown 
any effect on that matter. A change in the contag 
method—the use of treating columns—has improve 
the practical results. 

But there is still much to do to attain theoretic, 
results. The study of the influence of new treating 
factors as method and time of contact, saturatio, 
and equilibrium of phases in each stage will probably 
result in new great improvements. i 

At the same time when the conditions of using dp 
phenol were changed, the use of water dilution ha 
been introduced. Use of wet phenol has allowe 
satisfactory extension of the extraction process + 
very low heats for removal of impurities and y. 
saturated bodies only. 

Introduction of water for recycling oil recover 
and the use of progressive dilution through th 
treating stages seems to permit the extension to th 
higher heats of the benefit of the excellent selectivity 
and short settling times insured by diluted pheng 
Dilution of the spent phenol phase leaving the trea. 
ing system has also allowed the chemical fraction. 
tion of extract in a naphthenic raffinate and a se. 
ondary extract. Special uses of the extract recent) 
developed have completed the exploitation of each 
chemical fraction of the crude lubricating oil. 


PETROLEUM CHEMISTRY 


HiyproGENATION OF SOME BENZENE Hypo 
CARBONS UNDER HiIGH PREsSSURE—M. K_ Diakova, 
A.V. Lasovoy and I. G. Stefantzeva in your. 1st 
PETROLEUM TECHNOLOGISTS, vol. 23 (1937), No 
165, pp. 459-465. 


It has been shown that hexamethylbenzene, pen- 
tamethylbenzene, 1 : 2:4: 5-tetramethylbeznene 
o-, m-, p-xylenes and m-propylbenzene can k 
transformed into corresponding six-membered naph- 
thenes by means of hydrogenation with a nicke 
catalyst, under pressure of hydrogen from 120t 
230 atm. and at a temperature of 200-240 deg. The 
reaction is not followed by any splitting-off of the 
side chains. 

New naphthenes: 1:2:3:4:5 : 6-hexamethy!- 
ckclohexane and 1:2:3:4: 5-pentamethylcyd- 
hexane have been obtained and described. 

New constants for some naphthenes have bee 
determined. 


Bso-ocTANE PRODUCTION BY SIMULTANEOUS POL: 
MERIZATION AND HyDROGENATION—I. N. [patiel 
and V. I. Komarewski, in IND. ENG. CHEM., vol. 
(1937), No. 8, p. 958. 


Recently a new simultaneous reaction, hydropoly- 
merization, of olefinic hydrocarbons was described 
This reaction takes place in the presence of mitt! 
catalysts consisting of a combination of polymer 
ing and hydrogenating agents. In the presence 
such mixed catalysts and hydrogen the simultaneous 
polymerization and hydrogenation of olefinic hydrv 
carbonstake place, resulting in the formation of hydr 
genated polymers; this reaction was therefore called 
“hydropolymerization.” In the study of different 
catalysts adaptable for this reaction particular a 
tention was given to phosphoric acid, because 
its successful use in the polymerization of oleit 
and the development of the industrial process 
catalytic polymerization of cracked gases. The mo 
interesting and important hydrocarbon submitte 
to hydropolymerization was isobutylene. 

By hydropolymerizing isobutylene in the preset 
of a solid phosphoric acid-nickel oxide-iron catalyst 
under hydrogen pressure, it was possible to obtal 
direct a mixture of isomeric octanes. ; 

Isobutylene was obtained by catalytic dehydrati 
of isobutyl alcohol over an alumina catalyst at 3 
deg. C. The catalyst was prepared by mixing 0 
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-a-half parts of solid phosphoric acid with one 
of reduced iron and a half part of nickel oxide. 
From 108.7 parts of isobutylene there were obtained 
100 parts of liquid products, 46 percent of wich was 
an octane fraction with a boiling point of 100 to 


125 deg. C. 


and 


Ter MEULEN HypRoceNATION METHOD oF DE- 
TERMINING SULPHUR IN Gas—G. H. Visser and W. 
F. Engel, before SECOND WORLD PETROLEUM CON- 
cress, Paris, June, 1937. 


In this method vapor of the substance containing 
sulphur, mixed with hydrogen, is passed through a 
tube filled with platinized asbestos, the resulting 
hydrogen sulphide is absorbed in caustic alkali and 
determined by a colorimetric method, using a stand- 
ard plumbite solution. No losses of sulphur occur, 
the time required is short, only a small quantity of 
gas is needed, and the operation may be carried out 
even in refinery atmospheres where the air is con- 
taminated with sulphur fumes. The inconveniences 
anderrors of the combustion method are thus avoided. 


ExperIMENTS ON SYNTHESIS OF NAPHTHENIC 
Acips—J. von Braun, before SECOND WORLD PE- 
TROLEUM CONGRESS, Paris, June, 1937. 


Extensive investigations during the last few years 
have developed a number of methods which have 
given some insight into the nature of the naphthenic 
acids and therefore have contributed to an under- 
standing of petroleum, with which the naphthenic 
acids are genetically connected. 

As starting materials for these syntheses use has 
been made, aside from adipic acid, of derivatives of 
geranic acid and cyclopentadiene. The transforma- 
tions of these compounds and the synthesis of a 
number of acid types similar to the naphthenic 
acids and which contain five rings in their structures 
are extensively described. 

Much more difficulty was encountered in the syn- 
thesis of the dicyclic acids, and success was attained 
only in a few cases. The starting materials in this 
case were the chloromethyl compounds of tetraline 
and indene, the preparation and transformations of 
which are described in several cases. 


Estimation OF PARAFFIN IN PETROLEUM Prop- 
ucts—A. Spack, before SECOND WORLD PETROLEUM 
CONGRESS, Paris, June, 1937. 


The methods now in use for estimating paraffin 
in petroleum products are based on the use of a 
solvent which dissolves the mineral oil and leaves 
the paraffin undissolved. 

The quantity of paraffin isolated from an oil varies 
according to the solvent employed; for a given sol- 
vent it is difficult to obtain constant results despite 
all efforts to maintain constant operating conditions; 
from one experiment to the next, the percentage of 
paraffin and its melting point varies largely. 

These difficulties and uncertainties appear to be 
removed by the following method: Some of the paraf- 
fin is precipitated in a preliminary operation and its 
melting point is determined. Then a new quantity 
18 precipitated and added to the paraffin first pre- 
cipitated, and the melting point of the mixture is 
determined. A third precipitation may be made, the 
wax thus obtained being added to that obtained by 
the first two precipitations and the melting point of 
the combined mass determined. The results, when 
weights of precipitate and melting points are graphed, 
are found to lie on a straight line. This is due to the 
fact that the melting points of paraffins are the 
higher the lower their solubilities; hence it is easy 
to establish a standard reference curve that will 
directly relate melting point to percentage content 
in an oil, and this linear relation is independent of 
the temperature; the author worked at different 
temperatures between 0 deg. and —20 deg. C. using 
alcohol-ether as the precipitant. Although the quan- 
tity of paraffin precipitated by equal quantities of 

erent solvents varies greatly, the same linear 
relation holds with all solvents (the author used 
alcohoi-ether, methylethylacetone, acetone and ethyl 
acetate-acetone with identical results). In the case 


°CTOBER 1937 


of oils containing asphalt it is advisable to use ace- 
tone and heat the solution. The asphalt remains 
undissolved and may be filtered off; the paraffin may 
then be separated for melting-point determination 
at different stages of cooling. 

It will be noted that this test does not determine 
the total quantity of paraffin present in an oil, but 
only the quantities of paraffin of specific melting 
points. In refining practice the object is not to get 
rid of all the soft paraffins, but to reduce their 
amounts to certain limits. The graphic method here 
described will be used to establish the content of 
paraffin of a certain melting point in relation to the 
quantity to be removed. This renders control of the 
dewaxing process more exact, and allows of calculat- 
ing the paraffin balance from either the industrial or 
the laboratory standpoints. 


Mletuops ror DETERMINING THE AGING PRO- 
CLIVITIES OF AUTOMOTIVE LUBRICATING O1Ls—K. 
Noack, before SECOND WORLD PETROLEUM CONGRESS, 
Paris, June, 1937. 


The existing German specification tests for auto- 
motive lubricants do not meet practical necessities 
because, among other matters, the tendency of these 
oils to age is neglected. 

Before routine testing of this tendency to become 
altered with age can be established it is necessary 
to make a comparison of the different methods that 
have been proposed. As a start in this direction the 
author examined eight oils of different origins and 
methods of preparation by six different procedures: 
the Indiana method, the German precipitation 
method, the method of the British Air Ministry, the 
oxidator method of Evers and Schmidt, the Hack- 
ford method and the method used by a German in- 
dustrial works. The characteristic numbers called 
for by these methods were determined. 

The results were not satisfactory, since the dif- 
ferent methods did not classify the oils in any con- 
sistent way. The reason can only be that the methods 
rely on discordant concepts. There was no agree- 
ment even when the classification was based on 
viscosity, gravity, neutralization and saponification 
numbers and asphalt content. This leads to the con- 
clusion that a laboratory method will meet the 
requirements only when it will produce the same kind 
and quantity of aging products as are produced in an 
engine operating under practical conditions. 

As such a method the author recommends a pro- 
cedure which has been worked out at the Chemisch- 
Technische Reichsanstalt. It is carried out in an 
evaporation apparatus into which air is sucked over 
the surface of the oil maintained at a temperature of 
250 deg. C. for one hour, the suction pressure being 
equivalent to the pressure of a water column 40 mil- 
limeters high. The oil is then analyzed for total 
alteration products (petroleum resins and asphalt) 
by precipitation with normal benzine (Kahlbaum 
grade for asphalt precipitation); the filtrate is passed 
over bleaching earth for adsorbing unprecipitated 
petroleum resins; the adsorbed substances are then 
extracted by chloroform or benzol alcohol 1:1. 

The results obtained on the eight oils in the new 
test agree very well with the results found in practical 
operations under the working conditions of the 
engine. The oils used in this investigation were Diesel 
oils for trucks, and it is emphasized that the results 
do not necessarily apply to Diesel oils for airplanes, 
where conditions and requirements are different. It 
is now in order to investigate lubricating oils used in 
connection with such motor fuels as gasoline and 
liquid gas; whether the new method will apply here 
remains to be seen. 


Grapuic ANALYsIs OF HypROCcARBON O1Ls—C. 
H. Fisher and Abner Eisner, in IND. ENG. CHEM., 
analyt. ed., vol. 9 (1937), No. 8, pp. 366-370. 


The method developed consists in washing the oil 
successively with sulphuric acid solutions of increas- 
ing concentration and determining each time the 
volume, specific gravity, and refractive index of the 
unsulfonated oil. The olefin and aromatic contents 
are then ascertained by plotting volumes of residual 
oil against the corresponding physical constants. The 


behavior of the oil and the changes in physical con- 
stants during these washings with sulphuric acid 
are as follows: treatment initially with dilute sul- 
phuric acid and later with acid of higher concentra- 
tion removes olefins and aromatics progressively, the 
olefins being first extracted. As the olefins are re- 
moved the concentration of aromatics in the residual 
oil is increased and, as a result, the physical con- 
stants (specific gravity and refractive index) ob- 
served are higher. The maximum values are reached 
at the stage of complete removal of olefins (some 
unreactive olefins may be present) and incipient 
extraction of aromatics. The volume loss occurring 
to the point of maximum physical constants is taken 
as the olefin content. 

In the second stage of the analysis the sulphuric 
acid of higher concentration removes the aromatics, 
causing the physical constants to fall until the re- 
moval of the aromatics is complete, when the con- 
stants observed are those of the residual naphthenes 
and paraffins. Treatment with strong sulphuric acid 
beyond this point has not been studied extensively, 
but it is known that the volume of oil and physical 
constants are little changed by further treatment 
unless the reagent is fuming sulphuric acid. The 
aromatic content of the original oil is represented 
by the volume loss occurring between the point of 
maximum values for physical constants, observed 
at the beginning of the extraction of aromatics, and 
the point at which the physical constants become 
approximately constant because of the complete 
removal of aromatics. The procedure and its appli- 
cation to neutral oil analysis are clarified by curves 
obtained in the present work. 

This method of examining hydrocarbon oils may 
overcome some of the difficulties attending the use 
of previous methods, such as the interaction of olefins 
and aromatics, extraction of aromatics before olefin 
removal is complete, etc. 


PETROLEUM PHYSICS 


ENVESTIGATIONS ON THE INFLUENCE OF LwU- 
BRICANTS ON STARTING OF Motors—K. Schwaiger, 
before SECOND WORLD PETROLEUM CONGRESS, Paris, 
June, 1937; OEL UND KOHLE, vol. 13, p. 715. 


One of the main requirements which an automo- 
bile engine must meet is that it must be capable of 
starting up at any temperature. This is generally 
easily met in warm weather, but in extreme cold the 
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resistance of the oil used to lubricate the motor may 
increase to such an extent that considerable force 
is required to overcome the frictional resistance. 

For investigating this property of lubricants use 
has heretofore been made of the so-called cold room 
in which full sized engines could be experimented 
with at temperatures at or below -20 deg. C. After 
all parts of the engine, together with its oil, have 
reached the desired temperature, measurements are 
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made of the electric current necessary to start the 
motor and to impose on it a certain number of 
revolutions per minute. From this data it is possible 
to calculate a reliable figure for the absolute vis- 
cosities of various lubricants. 

Work with the cold room is time consuming and 
expensive, although the results are of undoubted 
exactitude, and so the author has devised a sub- 
stitute which is illustrated in the accompanying 
diagram. This apparatus consists essentially of 
two cylinders, one within the other; the clearance 
between these cylinders is about 0.05 millimeter, 
which is practically the same clearance as is allowed 
in modern high pressure automotive bearings. The 
opposing surfaces of the two cylinders are wet with 
the oil under test. The moving parts are enclosed in a 
space which is cooled by the coils of a sulphur 
dioxide refrigerator. The outer cylinder is fixed, the 
inner one is rotated by means of a falling body of 
constant weight. The time required for the inner 
cylinder to make a half-turn is noted and furnishes 
a base from which the exact dynamic viscosity of 
the oil may be derived in centipoises. 

Tests with this machine agree with those made in 
the cold room. These tests also disclose the fact that 
the viscosity curves of oils determined according to 
Dean and Davis, or Ubbelohde and Walther lose 
practical significance at low temperatures and 
particularly below the cold points of oils, and so 
give no reliable indication of the influence of tem- 
perature on the ease of starting the engine. On the 
other hand, the described machine reliably reflects 
the performance of the oi! at all temperatures, even 
below the cold point. 


VIscOsIMETER WITH SUSPENDED LEVEL—L. Ub- 
belohde, in your. INST. PETROLEUM TECHNOLOGISTs, 
vol. 23 (1937), No. 165, pp. 427-451. 


This is an extended review of the author’s work 
which has resulted in a far-reaching improvement of 
the capillary viscosimeter. The previous form of the 
instrument employing a suspended plane level is now 
superceded by a suspended spheric level which 
finally eliminates any necessity for correction on 
account of surface tension. There still remained the 
difficulty of correcting for kinematic energy. This 
difficulty has now been eliminated by building the 
correction into the instrument itself so that mere 
multiplication of the corrected time of discharge by 
a power of ten (i.e. moving the decimal point) is 
necessary in order to obtain directly the kinematic 
viscosity in centistokes. 

To make the dimensions of the apparatus, espe- 
cially the capillary, accurate enough, it was neces- 
sary to manufacture the capillaries with an accuracy 
of at least 0.01 mm. 

Consideration of all these factors has produced 
an instrument that is so easy to use and in which all 
errors are so thoroughly eliminated that in the 
future it should be scarcely excusable if viscosity 
data of dubious value are obtained. 


CoerriciENt oF STATIC FRICTION OF LUBRICAT- 
ING Or_s MEASURED WITH THE REDGROVE APPA- 
RATUS—D. J. W. Kreulen, in Jour. INST. PETROLEUM 
TECHNOLOGISTS, vol. 23 (1937), No. 165, pp. 452-458. 


In 1935 E. R. Redgrove introduced a simple ap- 
paratus for testing the ‘“‘oiliness’” of lubricating 
oils. His apparatus consisted of a slider of case- 
hardened steel supported on three ordinary steel 
ball bearings contained in a steel cup enclosed in a 
lagged metal box through which a stream of purified 
and dried air could be passed. It was mounted on a 
table which could be tilted by means of a worm 
and wheel gearing until the angle was attained at 
which the slider would slip. 

In experimenting with Redgrove’s apparatus the 
author at first encountered serious difficulties in 
obtaining a satisfactory agreement of results. It was 
finally established that the slider must be finely 
polished so as to remove all matt surface and 
scratches. It was also found necessary to eliminate 
surface tension, which is accomplished by placing 
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slider and balls under the oil to be tested. Thus 
improved, the results were such that after some days 
an end-value was reached that proved to be a 
reproducible constant of the oil. Equilibrium is 
slowly established; a complete test requires four to 
five days. 

Coefficients of static friction of seven oils were 
determined. The results appear to confirm the 
theory of polar compounds, according to which 
this coefficient depends on certain constituents 
independent of the base of the oil. Addition of small 
quantities of polar compounds cause a considerable 
reduction in the coefficient of friction, and the same 
applies to addition of an oil with a low coefficient of 
static friction to an oil with a high coefficient. This 
is of importance in the compounding of lubricating 
oils. 


ASPHALT AND TAR 


ENTERNAL PROTECTION OF WATER Mains’ BY 
AsPHALTIC BITUMEN ComposiTioNs—Pfeiffer and 
Gobel, before SECOND WORLD PETROLEUM CONGRESS, 
Paris, June, 1937. 

A description is given of the requirements with 
which internal coating of water main pipes with 
asphaltic bitumen compositions must comply, and 
a survey is made of experiments carried out in 
Amsterdam with regard to the resistance against 
water currents of some pipes, both with and without 
an inside coating of bitumen, which had been used 
for some years in Venezuela.. 

The pipes not coated proved to contain a large 
quantity of corrosion products and to have a much 
greater resistance than the coated pipes on the inner 
surface of which only a little sediment had settled. 
The bitumen-lined pipes still had about the same 
capacity as calculated for freshly lined pipes, 
whereas the non-coated pipes had lost 50 to 75 
percent of their capacity. 


Beemarks on Ductitity DETERMINATIONS ON 
AsPHALTIC BiTuMENS—J. Pfeiffer and R. N. Saal, 
before SECOND WORLD PETROLEUM CONGRESS, 
Paris, June, 1937. 

The authors present data to show that it must be 
considered insufficient and often misleading to judge 
the ductility properties of a bitumen by measuring 
the ductility according to Dow at one temperature 
and one rate of strain. It is a fact that of two bi- 
tumens having the same penetration, the one with a 
low ductility at 15 deg. C. 5 cm./min. often has a 
flatter ductility/temperature curve than one with a 
higher ductility under the same circumstances. 
Therefore, it is easily possible that in the case of two 
asphaltic bitumens of the same penetration but of 
different ductility (5 cm./min.) at 15 deg. C., the 
difference in ductility may be reversed at lower 
temperatures or higher rates. Which of two bitumens 
will be the most suitable for a given case depends 
on the possible rates of deformation in practice or in 
what temperature areas deformations are most 
dangerous, assuming that the ductility test is a good 
measure of the cohesion, which itself remains to be 
proved. ; 


USES OF PETROLEUM 


FFuet aAnp LusBRICATION PROBLEMS IN AVIATION 
—H. T. Tizzard, in PETROLEUM TIMES, vol. 38 (1937), 
No. 969, pp. 181-182. 

This article quotes from the recently published 
report of the British Aeronautical Research Com- 
mittee for 1935/1936. Numerous matters are pre- 
sented of interest to designers of airplane engines. 
In the matter of fuel economy the practical advan- 
tages of a bi-fuel system are set forth. The idea is 
that since an aero engine is normally required to 
deliver its full power for only a few minutes at a 
time during take-off and initial climb, and for brief 
bursts of full speed, and if it is supplied for these 


short periods with a fuel of the highest quality . 
should be able to operate for much of its life me 
somewhat inferior fuel. It would seem technica, 
uneconomical to use only fuels of the highest quajin,. 
and unnecessary since a sufficient supply of fuel; ,; 
octane number of 100 or over may be a matte, ,; 
uncertainty for some years. The sub-committee ogy, 
cludes that advantages of a bi-fuel system are like), 
to outweigh the practical disadvantages of a mo, 
elaborate system of installation and control of fy 
supply. It seems probable that this conclusion dog, 
not apply only to engines specially developed for ys 
with 100 octane fuels. At the R.A.E. a stand, 
Kestrel engine has been run on high-octane fyels » 
from 50 percent to 70 percent above its normal rate 
power for short periods totalling some 15 hoy. 
without damage or excessive wear. Engine many, 
facturers have made tests with similar results, Ste, 
are now being taken to fit an aircraft with a bi-fy 
system in order to give a practical demonstratiy, 
of its advantages, and to explore its possible dx 
advantages more fully. 

At present the attention of British aero-engiy 
designers is concentrated on improvement of ti 
petrol engine, but it is felt that there is suffice: 
prospect of the compression-ignition engine findig, 
a place in aviation, at any rate for long-distang 
flights, to warrant the pursuit of more active p 
search work. Such an engine would have the ; 
vantage of using a safer and possibly cheaper a 
more available fuel than the specially manufacture 
fuels now necessary for the modern petrol engi 


PETROLEUM SUBSTITUTES 


Barce-ScaLE TECHNOLOGY OF GASOLINE \y 
Om SYNTHESIS FROM WATER GAS—F. Marti 
before SECOND WORLD PETROLEUM CONGRESS, Pari 
June, 1937. 

Historical development of the Fischer-Tropst 
process is sketched, after which is given an accour 
of the development of the process by the Rul. 
chemie A.-G. from 1933 on. Improvements that wee 
introduced during this period include: (1) a om 
siderable lengthening of life of the contact catalys 
(2) an inexpensive, large-scale design of contac 
chamber and sulphur removal station; (3) a larg 
scale design for recovery of rare metals and met 
oxides from spent catalyst; (4) improvement 
anti-knock value of Kogasin; and (5) preparati« 
of a cheap synthetic gas from coke, brown ox 
briquettes and crude brown coal. 

Aside from numerous photographic illustratios 
the paper contains numerous diagrams and table 
of figures showing the quantities, compositions a 
properties of the raw and finished materials, and t 
heat economy of the process. 


Mfletuanot as Motor Fuet—W. Wilke, belo: 
SECOND WORLD PETROLEUM CONGRESS, Paris, Just 
1937. 

When mixed with other motor fuels the spew 
characteristics of methanol do not appear vf 
prominently; the remarkable properties of this sat 
stance are best noticed when it is used by it® 
Contrary to the popular impression, the aut 
finds that the efficiency of methanol in compars* 
with gasoline is as 42 to 38. The anti-knock qual! 
of methanol is outstanding; the octane num 
deducted by the mixing method, is 135, which ®" 
above that of benzol or ethyl alcohol. Consequet 
the compression ratio may go up as high as 1:122 
more. At such compression ratios the them 
efficiency of the Diesel engine is reached. __ 

In one series of experiments with an engine equip 
for measuring the average temperatures ™ © 
cylinder and in the exhaust pipe, a comparison © 
made between benzol and methanol, using 2% 
pression ratio of 9:5. Efficiency of the latter 
seven percent higher than that of the former an¢™ 
consumption was 12 percent smaller. Average © 
perature within the cylinder over the whole ru" 
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30 deg. C. higher with methanol and the ex 
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lies the thermo-dynamic superiority of methanol— 
higher combustion temperatures and lower exhaust 
temperatures. For the same amount of thermal input 
methanol does a large amount of work. 

‘As another example a road test with a 3% ton 
truck is cited in which gasoline and methanol were 
compared, using a compression ratio of 1:7. When 
driven with gasoline the engine consumed 300,000 
kcal. per 100 kilometers, whereas with methanol 
the heat consumption was 230,000 kcal., a difference 
of 30 percent in favor of methanol; the difference 
would have been larger had a higher compression 
ratio been used. 


GENERAL 


GovERNMENTAL ASSISTANCE IN OIL PROSPECTING 
1s GERMANY—A. Bentz, in OEL UND KOHLE, vol. 
13 (1937), No. 26, pp. 667-669. 


Practically the whole of present day German oi! 
production comes from four fields: Nienhagen, 
Wietze, Eddesse and Oberg, which are all salt dome 
fields. Many other salt domes are known to exist 
in the fat North German plain, and some of these 
have shown signs of oil. Private exploration of these 
domes has required a considerable capital outlay and 
up to the present has yielded little or no result. 

As is well known, the need of new and larger 
native supplies of petroleum in Germany is 
little short of desperate; the government, observing 
that private capital had about reached the end of 


‘its resources, is promoting a large scheme the 


object of which is to bring to light whatever Ger- 
many may yet have in the shape of unexploited oil 
resources. The primary basis of this program is a 
thoroughgoing geological and geophysical survey of 
the country. This survey has been so planned and 
organized that it constitutes what is probably the 
most scientific and the most elaborate hunt for oil 
that the world has yet seen. Besides this systematic 
primary search for possible oil reservoirs the govern- 
ment has set up a fund in aid of exploratory drilling 
in new fields indicated by the survey. Subsidies from 
this fund take the form of interest-bearing loans, 
which are to be repaid from the gross value of the 
first oil lifted. In case no oil is found the loan need 
not be repaid. No loans are granted for drilling in old 
fields. 

Since 1934, when this system of drilling loans was 


inaugurated, a total of 166,000 meters of hole has _ 


been put down; 166 wells have been terminated, 22 
are drilling and preparations are underway for 
starting 15 others. Nine new fields have been dis- 
covered, of which five are in Hannover-Brauns- 
chweig, one in Schleswig-Holstein and three in the 
Rhine valley of Bavaria. However, the productivity 
of these new fields is not yet known, and their 
further development is being left to private ini- 
tiative, the government’s interest ending with 
discovery of the field. 


Hyprocenation EXPERIMENTS BY THE U. S. 
GoveRNMENT—Albert Orrick, in WORLD PETROL- 
Eva, vol. 8 (1937), No. 7, pp. 42-43. 


Experiments on a small scale, designed to explore 
the possibility of obtaining petroleum from coal 
have been begun by the Bureau of Mines at its 
Pittsburgh research station. These experiments 
have been prompted by the expectation that at 
Some time, possibly not very remote, the present 
underground supply of petroleum will be exhausted. 
At present the research is based primarily on the 
Bergius process and the first objective is to de- 


termine which American coals are best adapted for 
the purpose. 


Bw REMARKS ON THE A, P. I. STANDARDS— 
= Gellar, before sECOND wWwoRLD PETROLEUM 
CONGREss, Paris, June, 1937. 
aan conceding the great value of the standards 

ablished by the American Petroleum Institute the 


°CTOBER 1937 


author finds certain shortcomings. Some of the 
standards as set forth in different fasicules appear to 
be conceived according to different plans. One set of 
standards (pipe specifications) gives a great number 
of details regarding materials while another (drilling 
equipment) does not even mention the word‘‘mater- 
ial.” One (sucker rods) uses many figures to give the 
form of threading and even states tolerances, while 
another (drilling equipment) neglects to indicate 
the essential form and dimensions of threading, and 
completely overlooks the matter of tolerances. 
And in some cases different fasicules give com- 
pletely different specifications for the same di- 
mension. 

There is still another void that characterizes all the 
A.P.I. standards. Nothing is said anywhere regard- 
ing when a piece should be regarded as unfit for 
further service, and only in exceptional cases (wire 
ropes, sucker rods) is there any consideration of 
surveillance during operation. The lack of indications 
in this respect is a serious practical inconvenience. 

Various objections are stated in regard to accept- 
ance tests on steel. For instance, it is required that 
one analysis of steel be furnished for each melt, but 
physical tests are limited to one in 200 or 400 pieces, 
which is not adequate sampling. A tensile strength 
test should be made of each pour. Internal imper- 
fections of steels (gaseous inclusions, segregations, 
etc.) are ignored. 

Particular objection is taken to the looseness of 
the tolerances allowed in the conicity of threads 
of pipes and unions; these tolerances are allowed to 
be either positive or negative, with the result that 
the fit is very bad if the male threads deviate in one 
direction and the female threads in another. By 
rewriting its limits of tolerance the “Steaua Ro- 
mana” has immensely diminished rod failures at the 
joints. Aside from this, in the A.P.I. Standards 
(No. 7 B, August, 1936) there is a regrettable dearth 
of prescriptions regarding the quality of the material 
to be used for tool joints and rods, pump plungers 
chains, etc. 

In his concluding remarks the author thinks that 
the A.P.I. would do well to consult a few specialists 
in the petroleum industries in other countries before 
a new standard is issued. It would no doubt be well, 
he thinks, to create regional offices of the A.P.I. 
Even in the United States conditions affecting the 
supply and use of equipment are not the same; what 
is suitable in one district may not be so in another. 
And he again emphasises the desirability of setting 
up prescriptions for the surveillance of equipment 
in use, and especially to indicate when equipment 
should be scrapped. 


SvuGGEsTED NOMENCLATURE FOR FUELS, Com- 
BUSTION PHENOMENA AND ENGINE FOULING IN 
INTERNAL ComBusTION Motors—G. D. Boerlage 
and C. A. Bauman, before SECOND WORLD PETROL- 
EUM CONGRESS, Paris, June, 1937. 

It would be desirable to have a fixed nomenclature 
for the phenomena indicated in the title, so that 
discussions in different languages might be more 
readily understood. Some technical dictionaries 
already exist, but the need of extension and correc- 
tion of these dictionaries is internationally felt. 
The authors here propose such a nomenclature, 
which they hope will be accepted as a basis for an 
international standardization of terms to be worked 
out by the International Federation of National 
Standards Association. 


BOOKS 


BRaw MareriAts IN PEACE AND WAR, BY 
EvuGENE STALEY. Published 1937 by COUNCIL ON 
FOREIGN RELATIONS, New York. 326 pages; $3.00. 


In this book the author observes that raw mate- 
rials are the basis of industrial civilization, and he 
notes that because of their uneven distribution they 
give rise to conflicts of interest between the ‘‘have’’ 
and the “have not” countries. Certain countries of 
Europe are insistently sounding the slogan of 
“access to raw materials” to convince the rest of the 


world of the wisdom of a redistribution of the 
world’s resources. In view of this clamor of the 
“have nots” he proceeds to inquire as to whether 
these nations have a real grievance, or whether the 
slogan is merely the pretext of dictators for the furth- 
erance of other designs, and whether there are any 
feasible measures for the peaceable removal of real 
and legitimate grievances, if such exist. 

After surveying all the facts it is concluded that 
inequalities in the distribution of raw materials, 
especially minerals, do exist, and that the interna- 
tional raw material question is an armaments 
problem. In the present era of political insecurity 
governments must seek national military power 
above all else. Self-sufficiency in raw materials that 
means greater security to one nation means less 
security to its rival. So long as national power is the 
real issue behind’ political demands touching raw 
materials, no peaceful solution is possible. If 
nations could feel reasonably safe against war, many 
raw material problems could doubtless be adjusted 
by peaceable means. 

Assuming that collective security has been 
established so that nations could regard raw mate- 
rials in some other light than as armaments, it 
would remain to concert measures against economic 
nationalism so that it will not be necessary for 
nations to have political control over raw materia 
sources or markets in peacetime, and beyond that 
to meet specific raw material problems such as those 
created by monopolies, control schemes, and the 
like. 

Whether or not international raw material prob- 
lems can be solved peaceably is bound largely to 
depend on the United States and Great Britain, 
which in one way or another together control fully 
three-fourths of the world’s production of minerals. 
These two countries, but more especially the United 
States, are in a position to make mineral and raw 
material sanctions effective instruments in support 
of a collective peace system. Other measures failing, 
it is concluded that the best way to keep the United 
States out of war and for preventing war would be for 
this country to cooperate with other nations for raw 
material sanctions against an aggressor. 

The book contains a large amount of information 
on the economic structures of the markets for the 
most important international commodities, with 
analyses of control schemes and the politics of inter- 
national investments. Although the author should 
not be blamed for confining his study to the pro- 
curement of raw materials, one feels that he has 
neglected an opportunity to emphasize that raw 
materials are merely incidental to the problem of 
inadequate trade balances. If such nations as Ger- 
many or Japan could freely sell the products of 
their industries there would be no question of their 
ability to procure raw materials. 


AspHat, A Pocket REFERENCE FOR HIGHWAY 
ENGINEERS—by Prevost Hubbard and Bernard E, 
Gray, published 1937 by THE ASPHALT INSTITUTE, 
U. S. A., for free distribution to highway engineers, 


This pocket manual of 237 pages (334” x 534” 
contains 17 chapters packed with information re- 
garding the nature of asphalt and its uses in the 
construction of highways and asphaltic surfaces in 
general. The nomenclature of asphalt and its mix- 
tures is given and specifications for highway ma- 
terials in condensed form. Construction specifications 
for asphalt surfaces and pavements, the design of 
asphalt pavements, the equipment of paving plants 
and the use of modern paving equipment are treated 
in separate chapters. Chapters are also devoted to 
non-bituminous bases, to maintenance and resur- 
facing, to asphalt joint filling and bedding courses, 
to bridge floors and track construction, tennis 
courts, sidewalks, playgrounds, and to asphalt 
revetment and jetty construction. The manual is 
brought up to date by selected descriptions of asphalt 
types of surfacing in common use but not yet covered 
by Asphalt Institute specifications. The text is 
supplemented by useful tables and an index which 
facilitates the use of the manual. Various tests used 
in determining the characteristics of asphaltic 
materials are explained and illustrated. 
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WORLD OIL PRODUCTION — Official Figure 


Alll figures furnished direct to Wortp Petroteum by governments, except where otherwise specified—Table revised monthly 





(Figures in U. S. Barrels—Conversion ratio 7 bbI.= 1 ton) 





Provisions 
Figures 

September October November December January February March April May June July August 

Country 1936 1936 1936 1936 1937 1937 1937 1937 1937 1937 1937 1937 
Untied Stes.........-. 90,972,000 95,795,000 91,018,000 97,652,000 98,567,000 93,173,000 106,724,000 104,979,000 110,911,800 105,812,000 110,721,000 108,390,q) 
a 14,936,600 16,118,900 16,019,700 16,412,900 15,476,300 13,247,500 15,273,300 15,749,300 17,409,000 16,250,000! 15,200,000! 15,2000) 
Wenmatle. «2.202.000 14,626,073 13,888,987 14,307,650 8,452,696 9,888,298 13,583,024 15,584,002 15,192,324 16,032,695 16,820,370 17,036,131 _— 17,908.47 
Reumetie...........+. 5,254,000 5,224,000 4,982,000 5,050,000 4,768,000 4,217,000 4,595,000 4,412,000 4,494,000 4,151,000 4,317,000 4,993, 
a 4,487,000 4,704,000 4,620,000 4,963,000 5,250,000 4,417,000 5,866,000 5,768,000 5,789,000 6,153,000 6,573,000 — 6,600,0% 
Netherland Indie........ 3,731,973 4,059,426 4,139,954 4,190,578 4,267,148 4,011,266 4,405,436 4,348,185 4,553,998 4,464,725 5,208,460 4,888.99 
Menleo..... 3,768,855 3,235,924 3,204,007 4,259,733 4,233,635 3,992,999 4,307,952 4,249,838 3,387,950 3,338,311 3,848,587  —-2,801,00) 
MUM... svaceeceracce 1,881,782 9,097,564 2,914,954  2907,954 2,476,698 2,240,119 9,542,883 2,501,772 2,578,401 2,200,254 2418101 2,980,857) 
Colomble®............. 1,575,273 1,600,988 1,537,683 1,641,636 1,668,490 1,617,441 1,692,296 1,660,469 1,678,580 1,724,173 1,682,102 —- 1,599.59) 
atl taedGineic’ 1,478,482 1,507,433 1,445,605 1,499,023 1,448,545 1,391,989 1,464,979 1,419,094 1,435,796 1,419,678 1,984,588  — 1,471,915 
Aageatlee. . os scecesee 1,323,730 1,306,784 1,356,396 1,356,396 1,355,099 1,937,459 1,317,000'- 1,967,000! 1,270,000' 1,278,000' 1,980,000! _—1,296,0 
Biiiied......0.000.00. 1126420 1,179,611 1,154,093 1,931,365 1,263,456 1,157,408 1,287,097 1,301,260 1,351,198 998,752 1,377,547 1 ANAM 

12 

a an \ 791,217 730,860  - 778,617 809,218 157,936 156,857 803,397 { peony poe ond Hosea peal onal 
Seton’... 422,799 209,086 = «419,643 © «619,910 «730,064 ~=ss«549,260 +=—=«s«s«799,994 «659,557 «439,748 «684.348 694,000: 703,000 
Ree 994,000 301,000 «294,000 «301,000 «295,400 = «273,000 «299,600 «994,000 «294,000 -—Ss= 287,000 290,000 $93,000 
See... . cc sascsesce 957,040 994,070 294,560 399,210 354,480 327,600 357,630 333,410 343,310 —«- 320,810 324,310 333,900 
MINN, . o.cascccceee 955,556 277,158 265,650 279,545 965,531 233,366 245,007 —s««2.49,088 247,100 251,482 270,046 289,093 
po 207,260 200,598 209,385 912,396 219,410 194,037 207,493 198,898 206,544 200,099 204,710 208 00 
Season. ......0-0.++. 158,857 168892 163,870 175,918 180,058 160,675 «180,797 181,352 189,658 182,711 186,175 184,780 
SP. occ excuse 129,010 127,330 122,990 198,240 195,440 114,380 195,650 119.770 123,480 120,820 131,670 196.700 
Geeta”... cccseees 135,623 137,004 199,152 139,701 141,078 153,906 175,575 188,014 199,845 209,181 241,737 288.9% 
Sea... scscsceese- 98,812 102,109 97,755 98,672 99,589 86,842 93,499 89,544 97,146 98,091 99,253 97.88 
Rieaee . onccccesces 45,000 45,000 45,000 45,000 45,000 45,000 45,000 41,034 45,000 45,000 45,000 45,000 
lt 50,500 47,000 42,000 38,000 37,000 40,000 39,000 43,000 45,000 44,000 42,000 36,000 
Oo 148,000,862 153,356,554 149,155,194 152,178,951 153,913,585 147,281,058 168,355,307 166,097,545 173,930,938 168,364,540 174,340,417 171,599.90 


lEstimate. Russian Sakhalin included with Russia.—Japanese Sakhalm included with Japan. *Anglo-lranian Oil Company Ltd. figures revised, fuel oil returned to ground has been deducted. ‘Iraq Petroleum 


Company Ltd. export figures. “International Petroleum Company figures. 


international Petroleum Company and Lobitos Oilfields Ltd. figures. 7Bahrein Petroleum Company Ltd. figures. "British Malayan 


Petroleum Company Ltd. figures. “Sarawak Oilfields Ltd. figures. ‘Includes natural gasoline production. ''Anglo-Egyptian Oilfields Ltd. figures. '?Burma and India listed together prior to April 1st, 1937. 


Official Crude Oil Production Figures for 1932 to 1937 








Daily 
Average Daily Total 
to Aug. 31 Average to Aug. 31 Total Total Total Total Total 
Country 1937 1936 1937 1936 1935 1934 1933 1932 

United States....... 3,455,867 3,001,410 839,775,800 1,098,516,000 996,596,000 908,065,000 905,656,000 785,159,000 
BN é:6e4a dawnes 517,306 523,754 125,705,400 191,694,100 176,688,100 168,648,700 149,311,000 149,725,000 
Venezuela......... 502,218 438,844 122,038,945 160,617,095 153,932,614 140,784,804 121,052,354 119,597,337 
Rowmania.......... 146,259 173,587 35,247,000 63,532,846 61,270,072 61,849,306 53,919,708 53,651,978 
SSSR ers woe 191,012 156,794 46,416,000 57,386,833 52,413,879 52,761,604 49,606,942 45,120,656 
Netherland India 148,340 131,043 36,146,816 47,961,744 45,307,913 45,107,828 41,234,498 37,988,913 
eee 123,828 112,098 30,090,202 41,027,915 40,240,563 38,171,946 34,000,830 32,805,496 
BBB. crccccccecsers 19,189 76,711 19,238,800 28,076,167 25,733,839 7,214,216 1,018,290 818,300 
Colombia*......... 54,514 51,246 13,246,073 18,756,110 17,617,645 17,340,724 13,157,127 16,834,956 
ee eee 46,306 48,068 11,252,584 17,593,069 17,056,555 16,314,381 13,257,318 9,899,265 
Argentina......... 42,347 42,235 10,290,488 15,457,960 14,297,025 14,021,901 13,690,556 13,138,747 
0 41,565 36,167 10,100,192 13,237,030 11,671,224 10,894,363 9,561,353 10,126,121 
British India and Burma 26,782 25,980 6,506,025 9,508,903 9,218,925 9,200,072 8,743,115 8,817,315 
ee 21,617 12,690 5,252,971 4,644,635 1,264,807 285,072 31,977 902 
ee 9,543 10,576 2,319,000 3,871,000 3,902,000 4,012,000 4,174,000 4,220,000 
Peer ere 9,711 9,008 2,359,900 3,296,938 3,302,905 2,705,350 2,035,656 1,200,026 F 
Germany.......... 8,957 8,503 2,033,643 3,112,200 2,991,800 2,222,500 1,670,200 1,607,900 
5c nice va scns 6,745 6,568 1,639,114 2,403,072 2,294,878 1,872,837 1,504,412 1,683,439 ™ 
Bouader. ......200 5,951 5,252 1,446,136 1,922,215* 1,731,785 1,636,619 1,619,902 1,597,641 
Sarawak .......... 4,069 4,507 987,910 1,547,882 1,776,593 1,942,591 2,206,815 2,329,733 
SG cwtkseetes 1A15 4,110 1,591,270 1,504,287 1,447,204 1,410,895 1,145,333 1,044,412 
rere 3,135 3,395 761,852 1,242,437 1,235,052 1,502,697 1,627,157 1,855,392 
i eee 1,461 1,562 356,034 534,063 529,664 700,000 786,366 755,146 
ee 1,344 1,352 326,000 495,000 559,000 612,000 532,000 503,000 

5,580,569 4,885,460 1,325,086,761 1,787,939,501 1,643,080,060 1,509,277,406 1,431,542,909 1,300,480,675 

*Not officially revised 
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TANKER LAUNCHED 


Great Lakes since 1930 is the RED Crown, 
Standard Oil Company of Indiana’s new 


Crude Production 


(bbl.) 
January 15,476,300 
February... 13,247,500 
March 15,273,300 
April. 15,749,300 
Ds 00:00:60 17,409,000 
MED.c cases 16,250,000 
“Se? 15,200,000 
August...... 15,200,000 
Total § Months, 1937. . . 124,005,400 
Total 8 Months, 1936. . . 127,755,700 
Total 1936..... .. 191,694,100 
Total 1935..... 176,688,100 
Quota 1937. . ..  225,120,000* 
Quota 1936. - 3,500,000 
Quota 1935. 212,310,000 


Bzvestia, Russian daily, reports fric- 
tion between Soviet authorities in Sakhalin 
and the Japanese oil concessionaires. Ac- 
cording to an account from Alexandrovsk, 
Sakhalin, to IzvestTiA, the Japanese oper- 
ators had decided to build a pipeline from 
the Katangli field to the coast and started 
this construction before the Russians had 
given their consent to the scheme. This, the 
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First large steamship to be built on the 


SPREE CHACACSCSCSCSSHEELCH OS KOCH HSE DEOREES 


“I christen thee RED CROWN”—and a vessel slides into its natural element for the first time. 


INDIANA STANDARD’S NEW LAKES 


vessel which was launched with simple cere- 
monies at Manitowoc, Wisconsin, Septem- 
ber 18th, 1937. The RED Crown slid down 


RAaEe eee eee eee eee 2 ee oe ee ee a a 


Official Figures for Soviet Oil Operations 





Daily Average Run to Stills Drilling 
(bbI.) (bbI.) (ft.) 
499,232 13,839,000 443,310 
473,035 12,167,400 359,317 
492,687 13,803,300 540,510 
524,977 13,813,800 542,390 
561,581 15,457,400 591,510 
541 666 14,200,000 520,000 
490,323 14,200,000 525,000 
506,667 14,200,000 520,000 
510,310 111,680,900 4,042,037 
523,589 112,780,000 4,495,319 
523,754 173,408,200 6,958,916 
497,713 146,705,000 4,858,465 
617,000 200,000,000 9,240,000 
584,931 175,000,000 7,100,000 
458,042 171,500,000 5,214,000 


*Revised from ‘241, 500, 000. Crude conversion: seven barrels =one ton. 


Soviets protested, as a gross violation of 
rights granted in the concession. The 


Russians further contended that the Jap- 
anese concessionaires had repeatedly tres- 
passed against many clauses of the conces- 
sion, and therefore ordered the local author- 
ities to prevent further attempts by the 
Japanese to continue the pipeline¥ con- 
struction. 


the ways broadside, in similar manner , 
the floating of barges. Mrs. C. J. Barkdyy 
wife of the executive vice president , 
Standard Oil Company of Indiana, , 


members of the concern, were present » 


Manitowoc with their families for the cep, 


mony. 

The new vessel was constructed } 
Manitowoc Shipbuilding Company and hy 
a deadweight capacity of 6,500 top 
carrying about 53,600 bbl. of petroleyp 
products. Her dimensions are: length, 4 
ft.; beam, 55 ft.; and depth, 28 ft. Py 
pulsion is by reciprocating steam enging 
with an output of 2,500 h.p. Outfitting g 
the ship with oil-fired boilers and oth, 
equipment will be completed with a vig 
to putting her into service by the end ¢ 
the year. 

Addition of the RED CROWN—which ge 
a record as the first large American-byj; 
tanker on the Great Lakes in which electr 
welding has extensively replaced riveting 
will increase Standard of Indiana's Gree 
Lakes fleet, engaged in carrying petroleun 
products to the company’s northern bul 
distributing points, to five steam tankship 
one barge, and a tug. 


Subsequently, in the latter part 
September, official despatches to Mose 
asserted that the Japanese interests 
Sakhalin had discharged 4,000 Russia 
workers and partially shut-down operation: 
while at almost the same time the Japanes 
Foreign Office protested to the Sovi 
government against alleged mistreatmer 
of Japanese workmen in the Russian ha 
of the island. A statement issued fr 
Tokyo declared that 20 such workmen he 
been arrested, and that Soviet officia: 
had prevented the entry of addition 
Japanese into the northern, or Russia 
half of the island and had interfered witht! 
promised development of the oilfields. ! 
continued: ‘“This unjust attitude has bee 
creating serious unrest among Japanet 
workmen, and causing an increasing nut 
ber to apply for permission to return | 
Japan.” 

Shortly before these disturbances 
halineft, the Soviet oil trust, complet 
successful drilling of a number of wells 
the Ekhabi field, and crude production Wé 
increased against previous records. Wit 
plan fulfillment at 98 percent, Sakhall 
produced a total of 1,225,000 bbl. during 
the first six months of 1937. About 2,10: 
000 bbl. were produced in 1936 and 
1,750,000 bbl. in 1935. Increased produt 
tion had also been obtained by the Ja 
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The bringing in of the Otto Durbin No.1 on March 28, 1935—a 
3594 barrel gusher— marked the Crystal boom which established 
Michigan among the leading oil states of the country. Five 
million cubic feet of gas preceded the gusher, blowing 


off the control head and spraying oil over the surrounding 
part 


» Mose 
terests 
) Russia 
perations . ' ™ . ’ . 
Japs} Michigan has every right to celebrate its outstanding progress as an oil 


1e Soviet 


orea. State Police patrolled the roads and the nearby school wos 
closed portly for safety and partly to celebrate the good news. 


treatment 
ssian ha e e e 
* fot Producing state. Moreover, out of Michigan came the Dowell method of 
‘kmen ha 
t official 
sti’! Inhibited Acidizing which has done more to boost production in the areas 
d with t! 
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anese North Sakhalin Oil Company, whose 
output during the first half of 1937 was 
reported at 980,000 bbl. against a quota of 
1,834,000 bbl. for the year. 

Distribution of Russian oil in Finland 
has been taken over by Suoma Lainen 
O/Y Alfred Olsen and Company, a sub- 
sidiary of Alfred Olsen Company of Copen- 
hagen, Denmark, which recently acquired 
Russian oil distribution facilities in 
Scandinavia. 

No material changes were effected in 
Soviet crude oil production during August, 
and the general situation is far from satis- 
factory. Baku fields, which had shown 
statistical improvements from 97 to 102 
percent of plan during May and June, fell 


Plan Fulfillment by Russian Oilfields in August 


Field Percent 
Baku. . ‘ 92-93 
Grozni... srs m8 Rare ae 
Maikop.. . 93-96 
Bashkiria 52-63 
= 59-64 
Voroshilov err. 
Kalinin... . are 
Sakhalin. . wa Subsi ar ecucaraaree 94-99 
Turcomanett. . . cheese Kaaee eee 77-91 


behind again in July and August, and plan 
fulfillment for all Baku fields ranged be- 
tween 92 and 93 percent in the latter 
month. Kaganovitch still maintains plan 
fulfillment of 100 percent, but others range 
quite low—Artema between 81 and 82, 
Aliati from 50 to 78, and Kergez between 
42 and 46. Operations at the 
Maikop and Emba groups were in a 
slightly better statistical position than in 
July. During the first eight months of 
1937 Soviet fields were not only behind plan 
but were also below the corresponding 


Grozni, 


showing for the previous year. 

One might go so far as to say that it 
would take a miracle to effect improve- 
ments sufficiently great to offset the ar- 
rears in production already incurred by 
the Russian oilfield groups. The best period 
for drilling wells 


new and maintaining 





existing producers is practically over 
weather conditions in the late autumn and 
winter make most roads impassible and 
practically cut off many fields from outside 
communication and supplies. Statistics in- 
dicate that 1937 will not compare any too 
favorably with 1936, and Soviet govern- 
ment key men appear to be alarmed at the 
probable outcome. 

Pravpa, for August 9th, states in an 
editorial that: ‘“‘The oil industry is among 
the major branches of Soviet National 
Economy which are lagging behind operat- 
ing quotas. Summing up the situation we 
find that the industry is barely reaching 
the level of last year, and individual fields 
are in an especially bad position. 

“Oil operators have no convincing alibi 
to vindicate the exclusively-poor operation 
of the oil industry. Soviet petroleum re- 
sources are intact and are equal to about 
half the world’s reserves. Soviet oil operators 
have no cause to complain of lack of 
equipment. Commissions of Soviet Heavy 
Industries returning from visits to the 
United States have ridiculed the opinion 
that American producers are getting better 
results due to use of better equipment or 
equipment unknown to Russian operators. 
The Russian oil industry has at its disposal 
similar types of equipment to that used in 
American oilfield practice. Shortcomings are 
to be found not in supply but in organiza- 
tion of the industry. Utilization of man- 
power is inefficient. The party and govern- 
ment have repeatedly warned oil operators 
to set their house in order, and each time 
the latter have promised to do so; they have 
called and have 
matters, but have done nothing else. 


conferences discussed 

“Following the All Union Conference of 
Oil Operators in March, Baku operators 
were able to show practical improvements. 
Daily average output 
441,000 bbl.—an all-time record for the 
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field. The operators proved unable to hold 
this position and after a short time the 
curve of production went down. 

‘“‘Glavneft is the head organization of th, 
Soviet oil industry, directing all joj, 
operations. No oil trust feels that it is beiy 
helped by the guiding hand of Galvnef, 
Headed by M. V. Barinov, it is one of thos. 
Soviet institutions which has never tried; 
unify activities or effect a practical poli 
for all the oil trusts in its embrace. 

‘Most criminal characteristic of Glavnei 
is its attitude toward Emba. According ; 
recent estimates (Seventeenth Internation, 
Geological Congress) Emba’s oil deposits 
ready for exploitation amount to 214,20). 
000 bbl., but for the last six years Emba ha 
never fulfilled its producing quota in spjx 
of the fact that these plans were alway. 
below objective possibilities. During 1, 
first seven months of 1937 the field’s outpi 
came to 42 percent of plan and the Or 
refineries, built exclusively to refine Emly 
oil, are undercharged. What has Glavnei: 
done to mitigate the situation? What has; 
done to develop this prolific oil regio 
Emba is not a recent discovery, but th 
most important region in the formation ; 
the second oil base in the east, of whic 
Joseph Stalin himself said: ‘Without thi 
new oil base our transport and most in: 
portant industries will find themselves ; 
the position of a deepsea craft plying i 
shallow waters.’ 

“When, in 1936, the head of Heay 
Industries demanded a drilling speed 
about 2,000 ft. per table month, it wa 
claimed to be impossible. Stakhanovite 
showed by the end of the year that Russia 
drillers with Soviet equipment had reachei 
American standards of speed. Why a 
drilling showings down? What are th 
causes of such arrears? Perhaps the reas 
is that the heads of the fields are unable: 
popularize Stakhanov tempos in drilling 

“Neither at Baku nor Grozni have a 
party officials taken a proper attitude 
the ‘fight for oil’ and they have tolerat 
alien elements in the oilfields. What he 
Glavneft done to mitigate the situation 
regard to small producers? Is Glavin 
aware that at Baku and other Soviet fiel: 
the number of wells operating is below 
corresponding figure for 1936? The offic 
of the oil industry together with the hea 
of Glavneft have done little to liquidate! 
results of wrecking operations. They aresh 
sighted and seem to be politically unwort 

“The Soviet petroleum industry with 
formidable riches ought not to be laggit 
It must become the most progressive link 
of Soviet National Economy. While capi 
istic countries think of oil in terms of co” 
quest of foreign territories and colo 
robbery, Soviet oil men have to think ot! 
of civilized exploitation, adequate organ” 
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tion of operations and labor, and mastering 
of technique. Every operator, from the 
humblest worker up to the highest official, 
must be aware of his duties to the country 
and the people. He must realize that he is 
employed by the government and that upon 
the tempo of his operations depends the 
progress of Soviet National Economy.” 


Soviet Oil Exports 
Product January-June 1937 
Tons 


Crude oil 47,864 
Gasoline... 219,124 
Kerosene. . . 143,332 
Lubricating oil ; 97,912 
5,279 
201,209 
330,119 
2,281 
4,039 


Total 6 months 1,049,120 


Imports of gasoline into U. S. S. R. from U. S. A. during the first 
six months of 1937 were 46,438 tons valued at 5,396,000 Rbi. 


Paraffin..... 


Criticism of Barinov by PRAVDA may 
have the same bearing as the similar 
denunciation aimed at Slutzki 
before his downfall and which was men- 
tioned in these notes. ZA INDUSTRIALZATIU, 
number 165, makes similar comments with 


shortly 


regard to the recent discovery of oil at 
Sizran, where there are four wells producing 
about 1,000 bbl. daily and two nearing 
completion. The wells will have to shut in 
until adequate storage facilities are erected. 
It says: “Construction of the pipeline from 
Sizran to Batraki railway station illustrates 
the methods of Glavneft toward the de- 
velopment of a promising oilfield. The 
heads of Glavneft, particularly M. Barinov, 
like to point out that Russia is behind 
America in prospecting new oil regions. 
This is true, but it is not enough to draw 
attention to this failing—Glavneft, and M. 
Barinov as its chief, should have indicated 
a way to overcome the disparity. Develop- 
ment of Sizran oil shows once more how 
far words are from actions with Glavneft 
and its head, M. Barinov. Sizran must be 
developed and Glavneft, Vostokneft, and the 
oilfield management will have to awaken 
to the necessity of changing methods of 
operation.” 

The Soviet government continues its 
grand clean-up campaign. The Commis- 
sariat for Heavy Industries has been di- 
vided into two divisions, one for machine 
production and the other for metallurgy, 
mining, and the chemical and oil industries. 
The former will be headed by V. Mezhlauk, 
recently appointed successor to the late 
commissar Ordzonikidze. The latter will 
be under Lazar Kaganovitch, who proba- 
bly more than anyone else, except Stalin, 
speeded up farm production and transport. 
He has already turned his attention to the 
coal industry, discharged a number of 
officials and introduced several reforms. 
Now that the oil industry is under his 
supervision changes are to be expected. 
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PROGRESS IN THE REFINING INDUSTRY 


BREMARKABLE as has been the progress of 
the oil refining art in the past thirty years, the 
problems remaining before the industry for solution 
today are more numerous and varied than at the 
beginning of this period. This seeming paradox is 
simply enough explained. The demand put upon 
the industry by new types of engines and new 
applications of liquid fuel have forced the develop- 
ment of products capable of yielding greater 
power, meeting higher pressures, and generally 
giving higher performance than was required, or 
would have been possible, in that earlier day. 

The trend of the times is to magnify the role of 
the chemist and the importance of chemical research 
in the march of petroleum progress, and the more 
closely the chemical engineers examine a drop 
of oil, the more fully they dissect it and study its 
constituents, the greater the possibilities they see 
in it, both in the way of better accomplishment in 
the tasks it is now performing and in the formation 
of new and useful products through new com- 
binations. 

The greatest single forward step in the history 
of petroleum refining was the development of 
cracking. Though constant improvement has been 
made in the methods and equipment employed, 
the knowledge available regarding this subject is by 
no means complete. A great amount of research 
is being devoted to cracking methods and results. 
Undoubtedly this will lead to the recovery of 
larger quantities of the more valuable fractions from 
each barrel of crude and to the suppression of un- 
desirable wastes. Many petroleum chemists expect 
to see great changes in this field within the next few 
years, particularly through the application of 
catalysis. 

But cracking leaves something—in fact, a great 
deal—to be desired. Cracking meant and still 
means splitting into fragments. It represented a gain 
in that, through the process of smashing the large 
molecules of crude oil into smaller ones, on the 
whole there was obtained a greater proportion of 
products that could be put to profitable use as 
motor fuel. But there was much waste; and even 
the cracked gasoline had its defects. Progress was 
not left standing at that point. On came a whole 
drove of new departures—really amounting to new 
sciences, such as the science of inhibition which 
conquered the gumming evil by protecting the 
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olefines of cracked gasoline, and the science of 
solvent extraction which transformed inferior lubri- 
cating fractions into the best of their kind. Then 
came hydrogenation to win new values from nearly 
hopleless residues, and with it came polymeriza- 
tion to create spectacular new products out of gases 
and other inferior materials and thus to present the 
aviators and perhaps eventually even ordinary 
motorists with iso-octane blends. 

At the moment the refining industry is consoli- 
dating these various gains. While preparing to push 
on into new fields it still has to take care of its 
large every-day job of providing the automobilist 
with oils that will meet the current specifications of 
manufacturers of automotive vehicles. It has to give 
increasing attention to the rapidly expanding con- 
sumption of fuel oils for domestic use, the specifi- 
cations for which are becoming more and more 
exacting but which gives promise of a much larger 
future market; and it still has before it the problem 
of perfecting its Diesel fuels to the point where a 
much greater use of the economical Diesel engine 
will be a matter of course. 

The major items of refining progress above enu- 
merated are now more or less well behind us. 
What will the future bring? What will remain for 
research departments and inventors to do when all 
gasolines are 100 plus octane, when all lubricating 
oils have flat viscosity curves, when even the best 
minds are unable to write closer specifications for 
Diesel fuels or domestic fuel oil, or even for 
asphalt and bitumen, when the technologists have 
constructed the perfect still that will easily and 
cheaply cut a crude oil or a cracked product into 
just the right fractions? 

e may be reasonably sure that inventors in 
undiminished numbers will still tread the path to 
the patent office and that the evolution of new oil 
refining processes will still continue for a long time 
to come. Just what the new inventions and processes 
will be we cannot say, but we can point to one road 
along which the oil refining industry will press—a 
road which it already has entered on. This is the 
conversion of petroleum into basic organic chem- 
icals that are capable of an infinite variety of uses 
in unpredictable volumes. There is here an appar- 
ently boundless future for oil, and a field for research 
and technology that will provide ample scope for 
engineering and business talent. 


























CHEMICAL ENGINEERING Processes 


Refinery Technology Trend 


Two years ago World Petroleum pub- 
lished an article in which the technical 
problems confronting the refining in- 
dustry were discussed by members of 
the research organization of one of the 
most successful and progressive inter- 
national oil companies. It attracted 
widespread attention and was hailed as 
one of the most interesting articles of 
the year. Rereading it a few months ago 
the Editor was more strongly impressed 
by it than on its original appearance be- 
cause the developments forecast by the 
authors in 1935 were exactly those 
which have had greatest significance in 
the progress of the industry since that 
time. We consider ourselves fortunate, 
therefore, in having persuaded the same 
authors to make a similar wide range 
foreview of trends in technological de- 
velopment as they exist today. It is a 
forward looking article that every reader 


will find interesting. 


Tue trenp in refinery technology is 
toward the utilization of chemical engineer- 
ing processes new to the industry and toward 
more scientific control of established proces- 
ses continued in use. In the production of 
gasoline in the recent past, cracking and 
reforming followed by acid treating, rerun- 
ning and doctor sweetening were the only 
available means of changing the chemical 
characteristics of available stocks, and these 
operations were expensive particularly 
where drastic treatment was required. Re- 
finers today find it economical to utilize the 
new tools of polymerization, hydrogena- 
tion, and chemical inhibitors in conjunction 
with processes now available, to assist in 
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the production of motor fuels chemically as 
well as physically best suited for their appli- 
cation. Synthetic processes for the produc- 
tion of hydrocarbons of different structures 
have begun to be adopted in the industry. 

A broader knowledge of the ideal motor 
fuels and lubricants, together with more 
definite information of the structures of 
hydrocarbons which will fulfill these re- 
quirements will further stimulate the refiner 
in developing processes with which these 
products can be tailor-made chemically and 
physically. Increased costs of crude de- 
mands further consideration of improved 
methods of increasing the yields of products 
now in commercial use. Present knowledge 
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of the possibilities of using gases and other 
relatively low value products for the pro- 
duction of substances which have relatively 
higher values, has led to consideration of 
the possibilities of the commercial use of 
such chemical processes. 
Notwithstanding that methods are avail- 
able for producing superior lubricating oils 
from various crudes, it is still important 
utilize crude distillation methods which give 
maximum yields of distillates which are the 
initial products in the subsequent steps 
involved in the manufacture of lubricants. 
In the case of gasoline and kerosene, which 
have relatively low boiling points, it is 0 
so difficult to establish when the maximum 
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yield of a given quality product is being 
approached, but in the case of the heavy 
lubricating cuts analytical methods have 
not been devised to establish the maximum 
yield of a given product available in the 
crude. These considerations should lead to 
further improvements of methods of crude 
distillations which will give higher yields 
of these valuable heavy fractions. 

It has been shown that by careful separa- 
tion of specific fractions boiling in the 
normal gasoline range, certain constituents 
of rather high purity can be isolated which 
are not only very superior motor fuels but 
which offer definite possibility of utiliza- 
tion in the manufacture of products now 
regarded in the fine chemical class. The 
major problem here is isolation of these 
fractions, which must be accomplished in 
crude distillation as well as subsequent 
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steps, such as solvent extraction, and other 
methods of manufacture of the desired 
final products. Such methods of separation 
will make possible reconstruction of these 
hydrocarbons by dehydrogenation or iso- 
merization for the production of superior 
motor fuel in the event that the refiner 
finds no outlet for “higher uses”. 


CRACKING 


During 1936 the amount of cracked gaso- 
line produced exceeded that of straight run 
lor the first time in the history of the re- 
fining industry. Despite the fact that 
260,000,000 bbl. of gasoline will be pro- 
duced during 1937, cracking operations 
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Demands of modern in- 
dustry and transport are 
ever necessitating increased 
vigilance on the part of 
refinery technologists and 
wider knowledge and ex- 
perience has led to con- 
sideration of the com- 
mercial use of chemical 
processes. Possible future 
refining technology is be- 
ing explored in the hydro- 
genation plant at Billing- 
ham, England, pictured 
at right and below. 


themselves have not been standardized, 
which in itself indicates that our knowledge 
of the subject is not sufficiently complete 
to set forth the final ideas of the design and 
operation of ideal cracking equipment. 
Refiners have been so occupied with 
changing existing operations to meet the 
continual varying character of improved 
motor fuels that adequate consideration 
has not been given to the selection of the 
type of equipment and method of processing 
which will make the gasoline of the required 
quality at the least expense. The present 
knowledge of yields, rates and qualities of 
products obtainable by cracking, is not 
sufficient to permit the selection of what 
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may actually be the most economical 
method. Forexample, nosatisfactory method 
of predicting the maximum yields obtain- 
able from a given cracking stock has been 
developed. Available correlations admit- 
tedly constitute rough approximations, as 
no allowance has been made for the effects 
of charge stock quality other than that of 
gravity. Such prediction of yields when 
applied to particular plant equipment must 
be adjusted to provide for the effect of such 
factors as crack per pass and product 
quality. It appears that the cracking art 
would be considerably enhanced with a 
broader knowledge of the general field of 
yield prediction. 

Currently two general classes of cracking 
equipment are being installed; those which 
utilize coil-only cracking and those which 
make use of coil-and-soaking-drum. No 
comprehensive comparisons have been pub- 
lished of the relative merits of these two 
classes, though it would seem that a com- 
prehensive comparison of coil-only and 
coil-and-drum cracking would be of inter- 
est to all refiners now contemplating the 
construction of new cracking equipment. 
In many of the larger installations the 
fractions of varying volatility are being 
segregated for separate heating and crack- 
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ing, under conditions most favorable for 
the particular fractions involved. No dis- 
cussions have appeared in the literature to 
show the advantages from the standpoint 


of rates, yields and qualities of products 
realized by such zonic cracking as com- 
pared to the more usual cracking in mixed 
streams. 

The has been marked by 
gradual commercial application of develop- 


recent past 


ments in cracking made over a number of 
years. Notwithstanding the fact that there 
have been no disclosures of any major 
improvements in cracking methods, it 
cannot be concluded that new develop- 
ments will not be revealed within the near 
future. The upward trend of crude prices 
has contributed to the desire for higher 
yields, and steps are being taken to utilize 
certain known methods of obtaining larger 
yields of more valuable products. The 
literature on cracking suggests the future 
use of means of promoting cracking re- 
actions by recycling of gases within the 
cracking system, and by the injection of 
residual oil fractions at some intermediate 
point in vapor phase heaters. The cracking 
of residual oils to gasoline and coke, rather 
than to gasoline and fuel oil, should provide 
one simple means of increasing the ulti- 
mate yield of gasoline. In thermal-poly- 
merization operations the temperatures 
are not very different from those now in 
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commercial cracking operations, 
which would suggest 
combining cracking and thermal-polymer- 


ization with substantially lower investment 


use in 
the possibility of 


cost and improved fuel economy. 

While substantial advance is being made 
in the utilization of gases produced in 
cracking, there is little or no published data 
on what is being accomplished in the 
suppression of gas and coke formation in 
cracking. By comparison of the carbon to 
hydrogen ratios of cracking stocks, it has 
long been evident that higher gasoline 
yields are theoretically possible. For a 
material suppression of gas and coke for- 
mation in cracking, it appears that recourse 
must be made to the use of catalysts. It is 
still apparent that considerable study is 
being given to this possibility from the 
number of patents of this nature being 
issued. 

In an effort to increase the ultimate yield 
of gasoline from cracking, the trend has 
been toward the elimination of straight run 
fuel oils and towards the production of 
heavier cracked fuel oils while maintaining 
required viscosity. The U. S. Navy now 
permits an 8 degree minimum A. P. I. 
gravity for Navy fuel oil, and industry 
has long accepted even lower gravities for 
industrial use. Such low gravity fuels are 
desirable from the standpoint of improving 
the yield of cracked gasoline and in them- 
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selves are of superior quality, having 
relatively low viscosity and high heating 
values per barrel. 

At present the furnace oil demand 
amounts to 110,000,000 bbl. per year, and 
continues to increase each year apprec- 
iably more than does the demand for other 
products. In order to supply the indicated 
future demands for furnace oils, serious 
will be 


previously 


made on the materials 
for manufacture o! 
gasoline. It has been stated that furnace 
oils of the future will be exclusively cracked 
products, and there is reason to believe 
that these will be satisfactory substitutes 
for the virgin gas oils used in the past, 
but there are little published data to sub- 
stantiate this or to indicate just what 
treatment is required to cracked cycle gas 
oils to make them satisfactory for use 4 
furnace oils. The substitution of cracked 


inroads 
available 


gas oil, which is poor cracking stock, for 
virgin gas oil, which is a superior cracking 
stock, would permit the realization 0 
higher gasoline yields from a given barrel 0 
crude while meeting rapidly increasing 
furnace oil requirements. 

With catalytic polymerization it is po 
sible to utilize only unsaturated gases 
relatively high olefin content. With ths 
method one can utilize as motor [uel 
practically all butanes normally preset 
in cracking plant gases. An outstanding 
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Operation of commercial units has shown 
that C; and C, hydrocarbons can be 
transformed into high quality motor fuel. 


development of this operation is that by 
modification of the nature of the charge 
stock and operating conditions, it is possible 
to produce polymers which on hydrogena- 
tion yield a product which has 100 octane 
and, with the addition of small amounts 
of tetraethyl lead, even higher octanes are 
obtained. 

Data have been published which show 
such large gains in performance in using 
this high octane gasoline in airplanes that 
their utilization in the immediate future 
seems imperative. While this superior 
gasoline can be produced at reasonable 
cost it is apparent that eventually these 
methods now available will have to com- 
pete with other promising methods. The 
scientific press has reported processes 
whereby, with the use of suitable catalysts 
certain olefin and paraffin hydrocarbons are 
combined with unsaturates to produce 
branch chain hydrocarbons, the nature 
of which can be controlled to give those 
qualities desired in superior aviation gaso- 
line. While it is too early to predict the 
results of the use of such processes, its 
utilization may come as rapidly as the 
production of high octane gasoline by 
polymerization and hydrogenation, which 
has been a development of the past two 
years. 

The above processes presuppose the 
availability of sufficient gases of the desired 
quality as starting products, and another 
possible attack in the production of the 
high octane gasoline is the conversion or 
isomerization of normal hydrocarbons to 
branch chain products. There has been sub- 
stantial progress in this direction, though 
the research has been limited to the low 
molecular weight hydrocarbons. 

It has been demonstrated by the opera- 
tion of large commercial units that C; and 
C, hydrocarbons can be transformed to 
high quality motor fuel, using equipment 
very similar to that employed in conven- 
tional cracking operations. The advantage 
of such thermal polymerization processes 
is that their use is not limited to gases of 
relatively high olefin content, but offer a 
means of complete utilization of low mole- 
cular weight saturated compounds which 
otherwise would go into refinery fuel. While 
these thermal processes have been applied 
to refinery gases, it is apparent that their 
outstanding value will be their application 
in the conversion of excess C, and C, 
hydrocarbons available in the natural 
gasoline industry. It is indicated, however, 
that for economical operation relatively 
large plants are necessary and the recovery 
and collection of the feed stock at central 
locations in the necessary quantities, is a 
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problem requiring a technical and economic 
solution. 

There are two types of thermal-poly- 
merization processes in use: one is accomp- 
lished by recycling of the condensibles along 
with the fresh feed under conditions of 
relatively high pressure and temperature, 
and the other method subjects the feed 
stock to relatively high temperatures and 
low pressures which are optimum con- 
ditions for the formation of unsaturates, 
which are then subjected to higher press- 
ures and lower temperatures for poly- 
merization. By this means it is claimed the 
polymerization may be controlled to form 
products of widely different characteristics. 
A final product containing pure aromatics 
may be formed, for instance; or by varying 
operating conditions a mixture of hydro- 
carbons closely resembling ordinary cracked 
gasoline may be produced. 

These processes are quite new to the 
industry, and it is natural to expect that 
they have not reached their full state of 
development. It may be reasonably pre- 
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sumed that the cost of gasoline produced 
by polymerization will be greatly reduced 
in the future. 


HYDROGENATION 


Continued large scale operation of hydro- 
genation plants in this country and increas- 
ing use of plants of this type abroad, assures 
us that such processes will be available for 
general use if the anticipated supply of 
petroleum is found to be inadequate in the 
remote future. Hydrogenation for the 
production of special products such as high 
octane aviation gasoline should come into 
general use in this country. 

The dehydrogenation of paraffins is of 
importance as a substitute for reforming of 
gasoline and the pyrolysis of gases, and for 
the production of relatively pure hydro- 
carbons to be utilized as raw material for 
the production of polymer gasoline and the 
many organic materials which may be 
synthesized from olefins and aromatics. 
An important aspect of dehydrogenation 
is the ultimate utilization of the hydro- 
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gen liberated in the process. In the dehydro- 
genation of paraffins much relatively pure 
hydrogen will be cheaply supplied, which 
should accelerate the trend towards the 
use of hydrogenation in synthesizing high 
octane gasolines and special hydrocarbon 
by-products. 


GASOLINE TREATING 


The development of synthetic methods 
for the production of a wide variety of 
chemical products using the light petro- 
leum fractions as source materials, may 
make this outlet competitive with the 
utilization of these light materials for 
conversion into gasoline. It is now realized 
that such materials as ethers, glycols, 
alcohols, acids, aldehydes, dyes, resins, 
color inhibitors, antioxidants, rubber sub- 
stitutes, and sulphuric acid may be syn- 
thesized from light petroleum fractions. 
Their production on a large scale would 
make serious inroads on those light prod- 
ucts now being utilized in the production 
of high octane gasoline and new sources 
and new methods for making superior 
motor fuels would of necessity have to be 
developed. 


Right, Atlantic Refining Company’s Point 
Breeze thermal polymerization plant; 
below, stillman on top of steam still 
tower, Whiting, Indiana. 
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The use of inhibitors has greatly acceler. 
ated recently and the economies have been 
found to be such that the use of inhibitors 
will no doubt extend to the treatment 
of practically all cracked gasoline in 
the near future. A number of investiga 
tors have disclosed limitations of the doctor 
sweetening process, in that its use results 





in the formation of certain sulphur com- 
pounds which seriously increase the tetra 
ethyl lead requirements in manufacture 0 
high octane gasoline. To circumvent this 
difficulty a modified doctor sweetening 
process has been developed and introduced 
Numerous installations employing coppe' 
salts as the sweetening agent have shows 
this method to be far superior to the doctor 
sweetening methods formerly used. _ 

While lead requirements can be mii 
mized by improved sweetening methots 
it is indicated that lead requirements m4} 
be further reduced by removal of the 
mercaptans which enter in the sweeteni{ 
reactions. It has been demonstrated that 
these mercaptans can be removed by simpk 
caustic wash under proper conditions © 
contact time, temperature and_ caustit 
concentration. The economy of this oper 
tion is improved by the fact that the 
caustic used can be revivified at relativel 
little expense. It has not been proven thaté 
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caustic wash alone is not satisfactory for 
finishing gasoline, since this will apparently 
accomplish the removal of hydrogen sulph- 
ide and low molecular weight mercaptans 
which at present may oxidize with the for- 
mation of free sulphur, resulting in a 
corrosive gasoline. 

Although there has been no marked 
development in the treatment of kerosenes, 
there has been much activity in the pro- 
duction of furnace oils and Diesel motor 
fuels. One school of thought is that if 
Diesel engines are to gain in popularity 
manufacturers must design the engines to 
operate satisfactorily on fuels of average 
quality which are readily available at 
reasonable prices. On the other hand, 
certain Diesel engine designers and operat- 
ors seek a superior fuel to improve their 
engine performance. From a refiner’s view- 
point the problem is one of standardization 
and utilization, for whatever type of 
product is desired can be made. The relative 
costs of the products which can be selected 
for this use should be given adequate con- 
sideration by the designer and ultimate 
consumer, 

Notwithstanding the very wide use of 
furnace oil there is very little published 
information on the essential characteristics 
of a satisfactory product. In some cases 
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straight run and cracked furnace oils are 


acid treated and rerun at appreciable 
expense to decrease apparent tendencies 
toward sludging during storage and hand- 
ling, but there is no published evidence that 
such treatment is required. While at 
present there is no gravity specification for 
domestic furnace oil, there is no proof that 
the more aromatic products available as 
cracked gas oils are satisfactory house- 
hold burner fuels. It would appear that 
the use of additives to furnace oils as a 
means of improving its stability would 
bear investigation as a possible source of 
substantial economy in preparing satis- 
factory fuel for domestic burners. 


LUBRICATING OILS 


During the last two years the solvent 
refining of lubricating oils has come into 
general use. The reported capacity of the 
units now operating or under construction, 
60,000 bbl. per operating day, should go 
far toward meeting the lubricating oil 
demand which in 1936 was 22,600,000 bbl. 
or 62,000 bbl. per day. Of the 52 commercial 
installations, a dozen or so different com- 
binations of solvent are used, the most 
significant being furfural, duosol, chlorex, 
sulphur dioxide, phenol and nitrobenzene 
for solvent extraction and acetone-benzol, 
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propane, barisol and methyl-ethylketone- 
benzol for solvent dewaxing. 

The fields of application of the various 
solvents in use have been outlined in 
numerous published articles. The solvent 
refining problem is one which each individ- 
ual refiner must solve by determining how 
well the various solvents can handle the 
crude lube stocks available and make the 
type of products desired. In general the 
extraction solvents fall into two classifica- 
tions, the single refining solvents and the 
multiple refining solvents. The former are 
generally found useful only in treating 
lubricating distillates—while the multiple 
solvents may be used in the treating of both 
distillates and residual lubricating stocks. 

The design, construction and operation 
of these new processes has introduced 
many technical problems which, because 
of lack of fundamental data and sufficient 
operating experience, still remain un- 
answered. Numerous laboratory control 
methods have been used which give very 
good correlation with plant operations. 
These refining processes would be placed 
upon a more scientific basis, however, by 
the development of a simple laboratory 
method of determining the best operating 
conditions to be employed in processing 
a large variety of stocks to make the wide 
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range of products normally encountered in 
the average refinery. Some simple means of 
determining the optimum solvent dosage 
and the conditions of time and temperature 
which will assure the production of the 
maximum yield of finished oil from a variety 
of lubricating stocks, would assist materi- 
ally in the operation and control of the com- 
mercial solvent refining processes now in use. 

The large demand for solvent treated oils 





has forced the refiner to operate all such 
equipment to the highest capacities attain- 
able while producing quality products. 
As more solvent treating equipment is 
installed and 
equipment more closely approaches the 
demand for 
consideration undoubtedly will be given to 


the capacity of existing 


solvent refined oils, more 
the relative economics of all processes and 
the relative economy of various schemes 
which may be used to operate each process. 

As knowledge of the fundamental nature 
of solvent fractionation is more completely 
understood, changes and improvements will 
be made in the processes now in use. New 
applications of step counter flow operations 
or the development of more efficient packed 
towers may prove economically desirable. 
To obtain improved control of the solvent 
process substantial changes in operating 
methods may prove desirable. 

It is expected that the fundamental 
studies of the mechanics of lubrication and 
the- study of surface films will modify our 
present theories of lubrication and result 
in the more intelligent determination of 
the types of lubricants desired. It is re- 
cognized, however, that at present there is 





but one satisfactory quality test for motor 
and industrial lubricants — actual trial 
under operating conditions. In the last 
several years the use of addition agents to 


42 








motor oils either to enhance some character- 
istic already present or to impart a useful 
characteristic which is lacking, has _in- 
creased considerably. Oiliness agents, vis- 
cosity and viscosity index improvers, pour 
inhibitors 
inhibitors have been used in the production 
of large quantities of high quality lubricat- 
ing oils by the leading manufacturers. 
Addition agents have been found especially 
useful in the lubricants for the high 
pressure gears, which recently have been 


and oxidation and_ corrosion 


found so desirable in industry and_ in 
motor cars, in the latter being popularly 
known as the hypoid gears. 

It seems safe to predict that further 
advances in engine design 
more rigid requirements on lubricants will 


which place 


Careful testing (left) and hydrogena- 

tion research (below) is being carried 

out in the United States by both govern- 
ment and private enterprise. 


be met by the increased use of addition 
agents. Attention has been called to the 
need of evaluating oils containing additives 
by actual performance tests rather than by 
comparison with the properties of the older 
lubricating oils. For example, there are at 
present a number of oxidation and corrosion 
inhibitors can be have 
highly desirable characteristics for main- 
taining and for eliminating 
completely bearing corrosion, but which at 
the same time result in indicated poorer 
qualities by certain standard oxidation 
test ratings of oils to which they are added. 

In considering means of obtaining the 
desired qualities of lubricants, the possibil- 
ities presented by synthesis must be con- 
sidered. The synthetic oil may consist, 
for example of a single compound or a mix- 


which shown to 


cleanliness 


ture of a few pure compounds; or perhap. 
a wider mixture of hydrocarbons of yp. 
known structure, but all conforming to a 
preferred type. Many single hydrocarbon, 
have a very high viscosity index and ar, 
free from carbon residue, but in generaj 
these have high melting points. By mixing 
these 


several of compounds, th, 


melting point becomes much lower thay 


pure 


that of any constituent. Excellent moto; 
lubricants have been made by polymerizing 
naphthas obtained by cracking wax an 
made in the literature » 


preparation of lubricating oils with inter. 


reference is 


esting characteristics by the chlorinatioy 
of certain wax fractions followed by cop. 
densation. Such synthetic methods of Jub 
oil manufacture have been generally knowy 
for many years and the fact that little or y 
commercial development of these processes 
is in progress at the present time indicate 
that other methods of producing high 
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quality lubricants have been found mor 
desirable. 

Certainly there is no agreement as! 
whether future lubricants should be matt 
by synthetic processes such as have beet 
mentioned, or whether they may better ls 
made by intensive refining of a selecte 
petroleum fraction to furnish a cheap hig! 
boiling base to which the desired qualitie 
may be given by the addition of smal 
quantities of synthetic materials. Th 
general trend now appears to favor 
latter motor 0 
addition agents. 

It is possible that the use of solvent 
fining would be promoted by the potent! 
chemical uses of extracts and waxes 10! 


The 


asphaltenes, aromatics, naphthenes, nap" 


{ 
tne 


method — the use of 


solvent refining and solvent dewaxing. 
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thenic acids, resins and waxes removed 
in these operations contain compounds 
that may be utilized in the preparation 
of countless organic materials for which 
considerable demand already exists in 
industry and for which undoubtedly new 
uses could be found. It is quite evident 
that the development of such methods of 
by-product disposal, along with catalytic 
polymerization, hydrogenation, alkylation, 
isomerization and other methods of synthe- 
sizing organic compounds will find a prom- 
inent place in the future development of 
the petroleum industry. 

While solvent refining has resulted in the 
complete elimination of acid treating in 
finishing some lubricating oils it is not 
anticipated that the use of acid will be 
entirely eliminated in the treatment of all 
lube stocks. In some cases excessive filtra- 
uton costs where solvent refining alone is 
employed makes the use of small amounts 
of acid desirable from an economic stand- 
pont as well as from the standpoint of 
quality of the finished products. The 
extent to which acid treating is used in 
conjunction with solvent refining by par- 
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Climbing steam still tower at Indiana 
Standard’s Whiting refinery. 


ticular refiners depends often upon the 
overall balance of capacities of available 
lube oil treating and filtering equipment. 
Acid treating methods, themselves, by the 
use of centrifuges for the separation of oil 
and sludge, have improved considerably 
over the old batch acid treating systems. 

Methods of efficient recovery of oil from 
contact filter clay are being more actively 
investigated. Certain methods now available 
involving solvent extraction and the use of 
mechanical presses, seem quite costly and 
are not in general use. A continued trend 
toward higher crude prices would encour- 
age further research and may result in the 
universal adoption of such schemes for 
recovering the oil now lost in contact filter 
clays. It is conceivable that some process 
involving oil recovery and regeneration of 
clays will be developed and will effect a 
reduction in clay treating costs. 


ASPHALT 
Despite a 28 percent increase in demand 
for asphalt products in 1936 over 1935 and 


further large increases in the current de- 
mand for these materials no substantial 
change has been made in their manufactur- 
ing methods. There has been much modern- 
ization of equipment and the producing 
capacity has been increased by the installa- 
tion of high capacity vacuum tube stills. 
Substantial improvements have been made 
in the design and operation of much of the 
older asphalt equipment. 

In most cases the increased demand for 
products has been met by processing a 
greater amount of domestic crudes to 
asphalt. Increased costs of foreign crudes 
has discouraged their use and the adoption 
of lower specific gravities in finished as- 
phalt specifications has permitted the more 
general substitution of domestic crudes. 
The refiner has experienced no serious diffi- 
culties in meeting the increased demand of 
products by processing domestic crudes. 
As the trend toward the use of domestic 
crudes increases certain refiners, particu- 
larly those producing roofing materials, 
may have difficulty in meeting specifica- 
tions based on long use of Mexican and 
Venezuelan crudes. 

One outstanding product development is 
the use of emulsified asphalt for soil 
stabilization. This product has been used 
largely on the construction of runways 
for airports, and its applicability leads to 
its general use in the stabilization of sub 
grades for secondary roads, which opens a 
field in which large quantities of bitumin- 
ous materials may be sold in the future. 
These emulsified products require rigid 
specifications but the refiner has encountered 
no unusual difficulties in meeting them. 

No reliable information is available to 
show the proportion of cracked residues 
used in the preparation of asphalt but it is 
believed the amount is not large. Recent 
general adoption of solvent solubility tests 
for paving asphalts seems to preclude the 
use of cracked residues in this use. There 
are some who contend that cracked residues 
make suitable asphalts for a wide variety 
of purposes when properly applied, and 
apparently the use of these stocks in the 
manufacture of asphalt will continue. 

The applicability of extracted residues 
from the solvent refining of lubricating oil, 
in the preparation of asphalts has been 
generally recognized, but their use has been 
discouraged because of their relatively 
high susceptibility, the large spread be- 
tween penetrations at different tempera- 
tures marking this material as an inferior 
asphalt product. Investigation of the use 
of these materials as asphalts has merely 
begun, however, and there is much possibil- 
ity that suitable asphalts will eventually 
be made from these substances either 
directly or by blending with materials 
from other sources. 
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TEN YEAR TREND Toward Larger Refining 
Units, Traced by Bureau of Mines 


By Raymond Dickey 


A consiIsTENT trend toward larger re- 
finery units, particularly in the Texas Gulf 
Coast area, is shown by the Bureau of 
Mines of the Department of the Interior in 
a recent compilation of data. 

Positive proof of the growth into larger 
units is found in a quick comparison of the 
national refinery picture as of the close of 
1936 and the end of 1926, the decade result- 
ing in an increase of only 25 percent in the 
number of refinery units, although daily 
capacity virtually doubled. 

Specifically, 115 refineries with a daily 
capacity of 451,950 bbl. were located in the 
Oklahoma-Kansas distiict; 84 refineries, 
with a daily capacity of 715,900 bbl. in 
California; and the Inland Texas district 
had 82 refineries with a capacity of 210,430 
bbl. 

Discovery of the East Texas field, the 
desire of companies to cut down mainte- 
nance cost, and the desire of shippers to 
avail themselves of tankship freight rates 
led to the drift toward larger type refineries 
in the Texas Gulf Coast district, sharp on 
the heels of the rapid construction of re- 
fineries started by the East Texas field. 

To show this tendency, the January 1, 
1937, figures show a total of 31 refineries 
on the Gulf Coast, having a capacity of 
780,000 bbl. per day. Probably the most 
significant thing in regard to these figures 
is that only two refineries are shut down in 
the Texas Gulf Coast district, the pair hav- 
ing a capacity of only 12,000 bbl. a day. 
Contrast today’s capacity with 1926, when 
the Texas Gulf Coast refineries had only a 
344,300 bbl. daily capacity. 

The trend toward larger refineries can be 
seen more clearly when one finds that, 
during the 1926 period, there were 26 re- 
fineries in the Texas Gulf Coast district. 
A sharper picture is presented by noting 
that the number of refineries has increased 
approximately 20 percent in that district 
since 1926, but total production from the 
Texas Gulf Coast district has increased by 
about 260 percent. This gives a true indi- 
cation of the trend toward larger units. 

Another factor of wide interest is the in- 
crease in cracking units in the refineries. 
In 1926, 464 refineries had but 131 crack- 
ing units, or approximately one in every 
four plants. In 1937, 423 refineries had 228 
cracking plants, or almost one in two. 

The drop in both number of refineries 
and total capacity in the Appalachian dis- 
trict is considered significant by some 


ah 


authorities. On January 1, 1936, there were 
52 refineries in this district with a total of 
177,525 bbl. daily capacity. On January 1, 
1937, the number of refineries had dropped 
to 45, with a total daily capacity of 161,000 
bbl. Also interesting is the increased capac- 
ity of the Indiana-Illinois district despite 
a drop from 57 refineries on January 1, 
1936, to 56 on January 1, 1937. Capacity, 
however, rose from 475,130 bbl. daily to 
519,000 bbl. on January 1, 1937. 

Also of interest is the fact that there has 
been a tremendous decrease in the number 
of plants in the Inland Texas district. On 
January 1, 1936, this district had 187 re- 
fineries with a total daily capacity of 
503,999 bbl. On January 1, 1937, the capac- 
ity had dropped to 462,000 bbl. daily from 
146 refineries. 

The capacity of all completed plants in 
the country on January 1, 1937, was 4,294,- 
881 bbl. of crude oil daily. This, however, 
does not indicate that that much crude 
could have been run, because inoperative 
plants, having a daily capacity of 328,265 
bbls., would have to have been modernized 
at prohibitive costs. Furthermore, much of 
the shell-still capacity of the operating 
plants, estimated at about 1,500,000 bbl., 
probably is in poor condition, reports the 
Bureau of Mines. 

Material gains in capacity were registered 
chiefly on the East Coast, in Indiana-IIlinois, 
and on the Texas Gulf Coast. California, the 
leading district, remained practically un- 
changed, registering a small increase from 
847,000 bbl. on January 1, 1936, to 870,000 
bbl. January 1, 1937. Along the Texas Gulf 
Coast, with only 31 plants, production vir- 
tually matches California’s capacity and is 
far ahead of that state in crude runs. 

Doubtless, according to the Bureau of 
Mines, crude runs should be raised even 
above the high levels now prevailing since 
considerable pipe-still and cracking capac- 
ity now operating on unfinished oils could 
be converted to crude. Considerable crack- 
ing capacity has been converted to run on 
crude oil much after the manner of the new 
combination units. The crude oil capacity 
of converted cracking units on January 1, 
1937, was 217,885 bbl.; and that of com- 
bination units was 432,300 bbl. 

In cracking capacity, the East Coast 
continued to lead. But, says the Bureau of 
Mines, the Texas Gulf Coast district will 
have a greater capacity than the East Coast 
as soon as its current building program is 


completed and will then go to the head of 
the list. 

To sum up, the situation seems to fy 
about as follows: 

Definite trend toward more cracking 
units. Increase in the size of refineries 
Dismantling of outmoded equipment and 
refineries. Move toward locations wher 
more favorable freight rates prevail, parti. 
cularly toward Texas Gulf Coast which js 
experiencing a great refinery building pro. 
gram and also profiting from being neg 
production area. Trend toward Indiana. 
Illinois district capacity increases due to 
centralized locations and increased produc. 
tion in that area. Trend toward increase jp 
cracking capacities of plants operating and 
under construction, but decline in idle 
cracking capacity. 

The capacity of operating units, includ- 
ing the cracking capacity of combination 
units, increased from 1,994,868 bbl. on 
January 1, 1936, to 2,077,325 bbl. on Janv- 
ary 1, 1937, or approximately four percent 
Since the charge to cracking stills increased 
19 percent in that same period, it is seen 
that an increase in the operating ratio out- 
weighed the comparatively small gain in 
capacity. 


LOCATION AND CAPACITY OF 
U. S. REFINERIES 


Jan. 1, 1926 
Total 
Total No. of Refs. i 
District (Operating & Shut Down) Bol. 
eer were oe 19 442,20 
6 opt owe w 006 30 138,790 
Indiana, Illinois, etc........... 41 214,200 
lhoma, Kansas, etc... ..... 115 451,950 
= 82 21040 
Louisiana & Arkansas Inland... 28 75410 
Rocky Mountain............. 42 197,573 
NR SS B4 715,90 
Texas Gulf Coast............. 18 344,300 
Louisiana Gulf Coast......... 7 132,500 
See 464 2,858 47) 
Jan. 1,1936 
is ccboiaeese dtd 26 617/400 
OE 52 177,585 
Indiana, Illinois, etc........... 57 475,18 
lahoma, Kansas, etc... ..... 719 491,10 
I gc.cdocnsigcnesss 187 503,08 
Louisiana & Arkansas Inland... 27 119,10 
oouy ieestele it Sy aS 1 ‘ 3 enn 
Texas Gulf Coast............. 25 650,30 
Louisiana Gulf Coast......... _ 10m 
entesdenerences 647 4117 
Jan. 1, 1937 
NN iiccixac sain ies 25 6710 
Appalachian................ 45 “es 
Indiana, Illinois, etc........... 56 5 om 
oma, Kans., etc......... 65 463 00 
I re sin ening oanp% 0:0 “ 4 
Louisiana & Arkansas Inland 22 % ‘0 
Rocky Mountain. ..... Hy 
a a |, "O ne 
Texas Gulf Coast............. 31 yen 
Louisiana Gulf Coast......... 5 
PE bcathscensincse 572 4.2950 
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CATALYSIS Offers Accurate Control of 


Hydrocarbon Decomposition 


An 8,000,000 cu. ft. per day 
m + capacity Universal Oil Prod- 
By V. N. Ipatieff 


ucts Company catalytic gas 
polymerization plant. 


Tue uistory of the development of the 
petroleum industry can be traced back over 
a period of more than one hundred years. 
The first equipment for the distillation of 
petroleum was installed in Russia about 
1830 for the purpose of separating kerosene 
to be used as illuminating material. 

The technology of petroleum developed 
very slowly prior to the beginning of the 
twentieth century, and workers in this field 
devoted their attention wholly to improve- 
ments in the distillation process and puri- 
fication of the products. 

The development of the automobile and 
the aeroplane has brought new problems 
for the petroleum industry which neces- 
sitated a search for new methods in pro- 
cessing petroleum. On the one hand it was 
necessary to develop on a large scale the 
production of gasoline and on the other 
hand supply the modern gasoline engines 
with new types of lubricating oils. 

The demand for large quantities of gaso- 
line brought about the introduction of a 
new process of cracking, and at the present 
time about 50 percent of the gasoline is 
obtained through the use of the cracking 
process, the anti-knock properties of this 
gasoline being superior to the natural gaso- 
line obtained by distillation of petroleum. 
The tremendous quantity of petroleum 
used in the cracking process furnishes as a 
by-product a considerable quantity of 
gases, amounting to about 10-15 percent of 
the petroleum charged. These gases con- 
tain, on the average, about 16 percent 
olefins and as these hydrocarbons possess 
great reactivity, it is desirable to utilize 
them for the production of compounds 
which have value for the different indus- ‘ aati i. 
tries. For example, if all the gases obtained Ries ; 
from the cracking process were subjected : ‘ ie ee , 
to polymerization for the conversion of PPI 15. si Baeee-< aa \g AY TP 

- - = 


Awe 


olefins into gasoline, we would have the ct te a a 
following picture: ss 

The yearly production of cracked gas 
in the United States’ as a by-product of 
the cracking process is 300,000,000,000 
cu. ft. of which 50,000,000,000 cu. ft. are 
olefins. The latter have a potential produc- 
tion of 1,000,000,000 gal. of polymer gaso- 
line of 81 octane number. The total gasoline 
Production in the United States in 1936, 
straight run and cracked, was 20,000,000,- 
000 gal. of about 65 octane number. 

After the polymerization of olefins from 
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the cracked gases the remaining paraffin 
hydrocarbons can be converted into olefins 
by means of dehydrogenation, and the 
latter can be again subjected to polymeriza- 
tion. 

On the other hand, certain olefins con- 
tained in the cracked gases or obtained by 
dehydrogenation of natural gas, can be 
subjected to polymerization under special 
conditions and converted into very viscous 
lubricating oils. The latter, when mixed 
with natural oils, give a product having 
properties which meet the requirements of 
modern automotive engines. 

Unsaturated hydrocarbons from cracked 
gases as well as those obtained from natural 
gas find application in the technology of 
organic substances for the production of 
such compounds as aldehydes, ketones, 
alcohols, glycols, acids, ethers, etc. 

The above statements indicate the tre- 
mendous importance of petroleum hydro- 
carbons, especially of the gases, as starting 
material for the production of various 
organic compounds, which in turn, can be 
converted into more complicated 
pounds. 


com- 


Due to the present requirements of the 
petroleum market and other branches of 
the industry we must turn our attention to 
the development of methods of treatment 
of petroleum distillates and cracked gases, 
which will permit us to utilize most econ- 
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Figure 1. 


omically the expensive starting material, 
that is petroleum. Also, the quality of the 
required products must be higher than that 
of the products obtained through the use 
of the accepted methods. 


The history of the development of the 
petroleum industry during the last ten 
years indicates that it has now become 
necessary to introduce new catalytic meth- 
ods, which have received such wide appli- 
cation in the field of synthesis of organic 
compounds during the last quarter of a 
century. 

Up to the present time, in order to obtain 
high grade gasoline from petroleum, the 
latter was subjected to cracking at high 
temperatures, (500-510 deg. C), and to 
achieve the best results attention was paid 


mostly to the physical factors involveq 
such as temperature, pressure, time of cop. 
tact, etc. Although this thermal process has 
made it possible to obtain tremendoy; 
quantities of gasoline, it still represents a 
very complicated chemical reaction. \; 
are unable to control at will the differen; 
phases of the reaction so as to direct the 
whole process to the most desirable prog. 
ucts. If, instead of using such a crud 
method as cracking, we could introduc 
more delicate catalytic methods of de. 
composition of hydrocarbons, we undouby. 
edly would obtain great advantages in th 
control of this reaction. The necessity 
and usefulness of introducing new catalyti 
methods in the petroleum industry, may 
be illustrated by an example from organic 
technology, which will immediately shoy 
the advantages. which could be obtained 
by substituting a delicate catalytic method 
for a rough thermal one. 

Thirty-five years ago no one could ex. 
plain why the pyrolysis of alcohols a 
400-600 deg. C. yielded various product 
such as hydrogen, carbon monoxide, alde. 
hyde, methane, etc. 

The thermal decomposition of alcohols 
especially ethyl and isoamyl alcohols, had 
been studied by many outstanding chemists 
for almost 100 years, but not one of them 
could explain how the decomposition took 
place and why such diverse products wer 
obtained. 

However, after the author had discovered 
that certain catalysts influence the decon- 
position of organic compounds at high 
temperatures, it was possible not only to 
understand the exact manner in which the 
decomposition proceeds, but also to ob- 
tain selective action by various catalysts 

We were able to establish, from the ven 
beginning of our investigations, that some 
metals and their oxides promote aldehyde 
decomposition of alcohols; that other oxides 
promote ethylene decomposition; and that 
still other oxides make it possible to obtait 
diolefins from the alcohols. 

A catalyst causes the decomposition 0 
an organic compound to take a certai 
direction, due to its specific chemical ani 
physical properties. Taking into consider 
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tion the most vital problems facing the 
petroleum industry, we believe that a new 
period of its development has begun, the 
catalytic period. 

The necessity of introducing catalysis 
for obtaining various products from petro- 
leum is evident both from the scientific and 
the economic points of view. We know that 
catalytic methods have great advantages, 
and they already occupy a firm place in 
chemical industry. 

In the petroleum industry they will be 
perhaps even more important, since the 
reserves of this valuable raw material 
should be conserved by using them to better 
advantage. The more rational utilization 
of petroleum constitutes a problem of great 
importance for the chemist as well as for 
the engineer. 

In order to that the catalytic 
period has become a reality, several cat- 
alytic processes which are in commercial 
operation may be mentioned. Figure 1 
lists the most important types of catalytic 
reactions of the various hydrocarbons 
found in petroleum. These reactions at 
the present time are being investigated in 
various scientific and research laboratories. 

We are in a position to say that all the 
reactions listed in Figure 1 will find broad 
application in the petroleum industry. 
Laboratory experiments fully justify this 
statement. 


show 


Some of these reactions, such as true 
polymerization? and selective and 
mixed polymerization, are already applied 
on a large scale; and hundreds of thousands 
of barrels of excellent gasoline, with high 
octane number, are being produced in the 
United States by these reactions. 

Let us consider, for example, the advan- 
tages of using the catalytic method in the 
polymerization reaction of olefins from 
cracked gases. Figure 2 shows the various 
types of polymerization with and without 
a catalyst. 


also 


Thirty years ago* the author showed for 
the first time that for the polymerization 
of ethylene and other olefins high pressure 
and temperature (about 350-400 deg.C.) 
are necessary. Under such conditions the 
polymerization of olefins proceeds very 
rapidly in the absence of catalysts and as a 
result we obtain a mixture of three types 
of hydrocarbons, namely, olefins, paraffins 
and naphthenes. An investigation of this 


“Ipatieff “Catalytic Reactions at High Pres- 


sures and . 4 . 2 
York, i908. Temperatures,” Maemillan Co., New 
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reaction’ indicated that the normal reac- 
tion—polymerization of olefins—is accom- 
panied by other reactions such as cycliza- 
tion of olefins, their conversion into naph- 
thenes; the latter undergo dehydrogenation 
and the liberated hydrogen in statu nascendi 
hydrogenates the olefins converting them 
into paraffins. In this manner we observe 
simultaneous reactions of dehydrogenation 
and hydrogenation. The energy necessary 
for these reactions is liberated during the 
polymerization reaction. 

In this manner, the polymerization of 
olefins under pressure is composed of 
several reactions proceeding simultane- 
ously, the reaction rates depending upon 
the temperature. We suggested that this 
type of polymerization be called ‘‘conjunct 
polymerization”. 
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Up to the present time it has not been 
possible to obtain the ‘‘true’’ polymeriza- 
tion of olefins under pressure, in which case 
the product should consist only of olefins. 

This method of polymerization of olefins 
from cracked gases as well as from pyro- 
lyzed natural gases is utilized at the present 
time on a large scale in the United States 
(Phillips Co. and others). For the carrying 
out of this process apparatus which can 
stand high temperatures and pressures is 
required. 

In certain cases, however, this method 
has a basis for its application, especially 
for gases which have a low olefin content 
and consist mostly of paraffin hydrocar- 
bons. These gases must first be converted 
into olefins by means of pyrolysis. The two 
processes of pyrolysis and polymerization 
can proceed simultaneously in the same 
apparatus but high pressures and tempera- 
tures are necessary. 

When the olefin content of the cracked 
gases is considerable, the application of the 
above method of polymerization, that is, 
in the absence of catalyst and using only 

SIpatiefY, Journal of the Russian Phys.—Chem. 
Soc. 1906. 


4Ipatief¥Y and Pines, Ind, Eng. Chem., 27, 1364 
(1935); Ipatieff and Corson, itbid., 28, 860 (1936). 


high pressures and temperatures, becomes 
irrational. Here it is necessary first to 
remove the olefins from the gases by sub- 
jecting them to catalytic polymerization, 
then catalytically to dehydrogenate the 
remaining paraffins, and subject the formed 
olefin hydrocarbons to catalytic polymeri- 
zation. Calculations® have shown that even 
if the remaining paraffins are subjected to 
pyrolysis only, it is more advantageous 
first to remove the olefins by catalytic 
polymerization, rather than subject them 
to the action of high temperature and pres- 
sure. 

The best catalysts for the polymerization 
of olefins at the present time are ortho- 
phosphoric® and _ pyro-phosphoric acids. 
Metaphosphoric acid does not appear to be 
a catalyst for polymerization. From a 
pract:cal point of view it is much more 
advantageous to use phosphoric acid in a 
solid form, for which purpose it is necessary 
to mix the acid with a carrier. The latter 
is preferably selected so that the resulting 
solid catalyst contains a relatively high 
percentage of phosphoric acid. The catalyst 
develops a high speed of reaction and re- 
tains its activity for a long period of time. 

The catalyst discovered by the author’ 
can, depending upon the conditions of the 
experiment, give different types of poly- 
merization: true and conjunct polymeri- 
zation. 

For example, if we subject propylene to 
polymerization we 
polymers: 


C.H, ———/> C,H. ~ 


obtain the following 


> C,H; —~> C,.Hy 

Under these conditions the last polymer 
is the tetramer of propylene. 

The catalytic reaction proceeds in two 
phases, an ester of phosphoric acid is 
formed, and later, two molecules of the 
ester combine, liberating the 
forming the dimer, etc. 


acid and 


The possibility of a partial depolymeri- 
zation of the higher polymers insures the 
formation of other intermediate olefins. 


‘Egloff and Thomas, Ind. Eng. Chem, 28, 324 
(19236). 

6Ipatieft!, Ind. Eng. Chem. 27, 1067 
Ipatief®’ & Corson, ibid., 27, 1060 (1935). 


TIpatieff, U. S. Patents, 1,993,512; 2,018,065; 
2,018,066; and 2,020,649 (1935). 
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Catalytic polymerization plant of Sinclair 
Refining Company. 


If the polymerization of propylene is 
carried out in the presence of another 
olefin, as for example, one of the butylenes, 
we obtain mixed polymerization which pro- 
ceeds according to the scheme shown in 
Figure 3. 

In such manner, catalytic polymeri- 
zation permits us to couple various olefins 
with each other and to obtain higher olefins, 
several of which, when subjected to hydro- 
genation, give paraffin hydrocarbons having 
such high octane number that they can be 
used in the highest type of aviation gaso- 
line. This example illustrated the fact that 
the application of the catalytic method for 
polymerization of olefins makes it possible 
to achieve results, practically 100 percent 
yield and excellent octane number, which 
can not be obtained by the use of the ther- 
mal methods and high pressures. 

If the polymerization of olefins is car- 
ried out in the presence of phosphoric 
acid catalysts under atmospheric pressure, 
but at higher temperatures, we obtain 
considerable quantities of other hydrocar- 
bons; paraffinic, naphthenic and aromatic. 
This type of polymerization is called ‘‘con- 
junct polymerization” because in this case 
several reactions take place simultaneously : 
cyclization of olefins into naphthenes, dehy- 
drogenation into aromatic hydrocarbons, 
and hydrogenation of the low boiling poly- 
mers by the hydrogen liberated in statu 
nascendi. The scheme of polymerization of 
olefins shown in Figure 4 illustrates the 
major reactions taking place in this type of 
polymerization which explains the formation 
of all types of hydrocarbons. These major 
reactions are, of course, accompanied by 
side reactions in the form of depolymeriz- 
ation, isomerization, etc. 
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Turning to another, at the present time 
very important reaction of dehydrogena- 
tion, we find that with the aid of the cat- 
alytic method much better results are 
obtained. 

When pyrolysis of paraffins, rather than 
catalytic dehydrogenation, is employed for 
the production of olefins, experiments and 
calculations show that the yield of the 
olefins is considerably lower, and that the 
hydrogen is contaminated by such gases 
as methane, ethane, etc., which diminishes 
its value for hydrogenation. 
reaction was 
discovered by the author?, dealing with 
the direct inter-reaction of paraffins and 
olefins in the presence of different catalysts. 
This reaction is superior to the Friedel and 
Crafts reaction. The latter requires the 
preliminary preparation of alkyl halides, 
and it is possible to introduce radicals into 
hydrocarbon molecules only through their 
agency. 

However, the alkylation of isobutane by 
ethylene and butylene produces directly a 
good yield of isooctane having a high octane 
number (See Figure 5). 

By this method we can produce various 
saturated hydrocarbons of isostructure, 
such as isoheptane, isodecane, etc. Data 
obtained in our laboratory give us the as- 
surance that this process of synthesis of 
high-octane-number paraffins could be util- 
ized on a commercial scale. The advantages 
of this method are obvious. 

Concerning the alkylation of paraffins by 
ethylene at very high temperatures and high 
pressures in the absence of catalysts, this 
process is possible from the theoretical 
point of view, since under these conditions 
the formed radicals are able to inter-react 
with each other. Recent experiments along 
these lines carried out by Frey and Hepp* 
indicate that alkylation does take place, 
but at very high pressure (4500 Ibs.). 

The results obtained by catalytic and 
non-catalytic methods of alkylation of 
paraffins by olefinic hydrocarbons cannot 
be compared. In the catalytic process, we 
are the masters of the reaction and can 
obtain the theoretical yields of paraffins 
which are suitable for the highest grade of 
gasoline. 

To emphasize further the importance of 
catalytic methods for the petroleum indus- 
try, we can compare the present reforming 
process for increasing the octane number 
of gasoline with proposed catalytic methods 
of auto-destructive alkylation and catalytic 
isomerization. 

Undoubtedly, the reforming process con- 
siderably improves the quality of gasoline; 
but, as with any pyrolysis, it is accom- 
panied by the formation of gases such as 


Another very interesting 


8Frey and Hepp, Ind. Eng. Chem, 28, 1439 
(1936). 


methane, ethane, etc., and of other normaj 
paraffins. By merely subjecting hydro. 
carbons to further pyrolysis, we canno, 
utilize them as efficiently as by catalytj 
reactions with other hydrocarbons. : 

The more delicate method of catalyti 
destructive alkylation will allow us 
treat saturated hydrocarbons in such a way 
that the gasoline produced will have a high 
octane number, and the gases will contaip 
a very important hydrocarbon, isobutane 
which is highly desirable for alkylation 
In the future the by-products of petroleum 
will be utilized in a more efficient manner 
and all waste will be eliminated. 

Cracking, which at the present time js 
applied on such a large scale, will probably 
be modified by the introduction of catalysis 
Since the various hydrocarbons contained 
in petroleum will require different condi. 
tions of time, temperature and pressure 
etc., for catalytic decomposition and igo. 
merization, it is probable that selectiy 
catalytic cracking will be necessary, start. 
ing with specific distillates for each oper. 
ation. 

This article will not discuss the high. 
boiling petroleum distillates from which 
lubricating oils are obtained. This branch 
of the petroleum industry has employed for 
a number of years the catalytic method o 
destructive hydrogenation for the purpos 
of obtaining good lubricating oils from 
petroleum distillates which otherwise had 
no application in industry. Also, the cat- 
alytic polymerization of olefins to syntheti 
lubricating oils, by means of active cat- 
alysts such as aluminum chloride, is being 
used. 

Nor shall the article review the othe 
catalytic reactions which are indicated | 
Figure 1 which have been studied in th 
laboratory of the Universal Oil Products C 
in Riverside, Ill., U.S. A. All these reaction: 
will have, in the future, a great bearing 
the petroleum industry, from the poi 
of obtaining desired hydrocarbons at 
also with the purpose of determining th 
structures of different types of hydr 
carbons. 

The information obtained in our labow 
tory as well as in the research institutes 
different countries gives at the present tim 
full confidence that a new catalytic perio: 
has begun in the technology of petroleut 
In future, all of our attention must be 
voted to the introduction of new catalyt 
methods for the purpose of obtaining dt 
ferent hydrocarbons and for the investif? 
tion of structure. 

It can be said with assurance that thes 
who are the first to supply the catalyt 
reactions shown in Figure 1, will be the 
leaders of the petroleum industry and that 
they will open new paths towards its 
tional utilization for the benefit of mankin’ 
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PRODUCING AVIATION FUELS 


By Pressure Hydrogenation 


By C. L. Brown* and E. J. Gohr** 


Tue Grow1nc demand for aviation gaso- 
lines of superior anti-knock quality can be 
satished only by resorting to newer methods 
than those currently in vogue. The three 
prime characteristics of aviation gasoline 
which must be controlled are: chemical 
stability, volatility, and anti-knock quality. 
To meet the requirements of each it is 
customary to make aviation fuels by distil- 
lation of crudes selected for high anti-knock 
value of the gasoline fraction they contain. 
The saturated character of such straight- 
run fuels insures high chemical stability; 
the volatility is controlled by distillation; 
and the natural anti-knock value, usually 
72 to 75 octane number (C.F.R.-A.S.T.M.), 
is increased, if desired, by the addition of 
tetraethyl lead or commercial benzol 
toluol. However, natural aviation naphthas 
of such high octane number (74-75) are 
relatively scarce, and there is a definite limit 
to the applicability of either lead or benzol 
in further increasing their anti-knock char- 
acteristics. With the addition of 3 cc. tetra- 


‘ethyl lead per gallon the best natural avia- 


tion naphthas rarely reach 90 octane num- 
ber, and further addition of lead is relatively 
ineffective. In the case of benzol blending, 
the tendency of benzol to crystallize at low 
temperatures limits its use, so that it is not 
usually practicable to reach much higher 
than about 80 octane number by benzol 
addition. 

The problem, then, is to supply additional 
quantities of aviation naphtha, equal in 
chemical stability and volatility to the 
natural fuels, and superior in anti-knock 
quality. Cracking of higher boiling petro- 
leum fractions may be applied to give high 
octane number and satisfactory volatility, 
but the chemical stability of the cracked 
fuel has been held in question. However, 
hydrogenation is adaptable to the produc- 
tion of aviation gasolines of high octane 
number as well as satisfactory volatility 
and stability. : 

Three distinct hydrogenation processes 
are applicable: (1) Moderate- temperature 
hydrogenation of aromatic -type virgin and 
cracked gas oils and heavy naphthas over 
newly-developed catalysts; (2) High-tem- 
perature aromatizing hydrogenation of sim- 
ilar feed stocks over any of the usual cata- 
cnnmens 
La eamdara Oil Co. of Louisiana, Baton Rouge, 
N, eenndard Oil Development 


Co., Elizabeth, 
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lysts; (3) Low temperature hydrogenation 
of highly-branched olefin polymers such as 
diisobutylene. 


PART I: MODERATE-TEMPERA- 
TURE HYDROGENATION OVER 
NEW CATALYSTS 


The moderate-temperature hydrogena- 
tion of aromatic type stocks for high octane 
number aviation the latest 
development of the hydrogenation process, 
and is made possible by a new type of cata- 
lyst which combines high gasoline conver- 
sion with a selective dehydrogenation of 
cycle molecules. The general equipment 
and flow of materials is practically the 
same in the various adaptations of high 
pressure hydrogenation. 


gasoline is 


There have been 
no basic changes in design of operation 
since the earlier published presentations of 
the hydrogenation work in this country. 
By moderate-temperature 
over this new 


hydrogenation 
catalyst, aviation naphthas 
of conventional volatility and having A.S. 
T.M.octane numbers of 75-78 are produced 
from a variety of feed stocks at conversion 
rates as high as 60 percent per pass and at 
ultimate yields of 80-90 percent. It should 
not be overlooked that these represent vields 
of gasolines of very high volatilities which 
will meet by a wide margin the specifica- 
tions imposed in most countries. If gaso- 
lines of lower volatility are prepared the 
yields will naturally be higher, due both to 
the fact that smaller quantities of gaseous 
hydrocarbons are and that less 
drastic stabilization is necessary. In addi- 
tion use of a feed stock of more suitable 
boiling range the yields 
further. The hydrogenated aviation gaso- 
lines are characterized by the absence of 
olefins, low sulfur content, high lead sus- 
ceptibility, and the gum and color stability 
inherent to natural naphthas. No finishing is 
required for these fuels, other than a caustic 
wash. 


formed 


may increase 


The selection of charge stock determines 
the octane number and the production rate 
of the hydrogenated naphtha. Virgin heavy 
naphthas from naphthenic or aromatic 
crudes are particularly desirable from a 
standpoint of high octane number and high 
plant capacity. The feed stock may be run 
in recycle operation to ultimate yield 
aviation gasoline, or alternatively, 


once 
through operation may be employed to give 
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in addition to aviation gasoline a bottoms 
cut consisting of heavy naphtha and light 
gas oil. 

Commercial production of aviation gaso- 
line using 
genation with the latest catalyst is currently 
under way. 

An inspection of the stabilized aviation 
gasoline produced follows: 


moderate-temperature hydro- 


1. Gravity . 64 
Reig Vapor Pressure, Lbs. 7 
Acid Heat, ° : : 4 
Army Gum, mgs. jee. . 1.2 
Sulfur, %.. . ; ’ 0.01 
Color, Saybolt....... ; +30 
Corrosion....... Pass 
7 Se Pass 
Cu. Dish Gum, mg. /100cc 2.0 
A. S. T. M. CFR Octane No. 
EERE aa . - 16.6 
Plus tcc pereg. ee ais a, ' 84.5 
- a ws ahaa ira eeaeee 87.0 
seit Ps eee — cone . 88.8 
Army Air Corps Cutene No. 
Clear oie 76.8 
Plas: tee Pb ey. 87.0 
3 92. 
o “ 97.5 
Sedes dod @375 °F Octane No. _ 
Plus tee Po, Gal... sues ee ced 84.1 
camuepaad — —— 88.3 
_ PO: ET ‘PRES A ee 91.5 
- s 4 M. Distillation 104 
rs o 167°F 4 2, Dist. Loss ° . ° 32.4 
Jo @ 212°F (100 ; oi 63.9 
Jo @ 257°F (1 3H eeueen : co 95 
2 separ PERRO iene 275 
en ee ‘ ae tne 0.6 
Recovery, %...... ‘ 97 
Distillation Loss, %. IEEE 2.4 


Distillation section of Imperial Chemical 
Industries Ltd.’s coal and coal tar hydro- 
genation plant at Billingham, England. 
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Figure 1. 


The stabilized aviation gasoline produced 
possesses high lead susceptibility and re- 
quires no finishing except sweetening. 
Furthermore, it shows high octane number 
when measured by the Army test as well as 


Typical hydrogenation data obtained in 
an experimental unit producing approxi- 
mately one barrel per day of hydrogenated 
naphtha when charging a virgin heavy 
naphtha from Coastal crude show a high 


volume of catalyst per hour. The yield of 
stabilized aviation gasoline (7 pounds Reid) 
is 85 percent by volume of fresh feed, This 
yield is lower than would be obtained jy 
motor gasoline manufacture (upwards of 
100 percent) from gas oil charging stocks 
both because of the lower gasoline end 
point and because of the rejection of all 
butanes to meet vapor pressure specifica. 
tions. 

Inspection data of the hydro gasoline 
and a typical high-grade natural aviation 
naphtha show that the two gasolines are of 
approximately the same volatility, and are 
quite similar in stability characteristics 
Both have negligible unsaturation as jp. 
dicated by low bromine number and |oy 
acid heat; both are exceedingly stable as 
shown by negligible copper dish gum and 
long breakdown time. However, the hydro. 
genated aviation naphtha has the advantage 
of 3.8 points higher octane number than 
the natural gasoline (78.3 versus 74.5 AS 
T.M.- C.F.R.). 

The octane-number superiority of th 
hydrogenated fuel over the natural naphtha 
is largely retained on the addition of 
tetraethyl lead. Figure 1 presents the lead 
susceptibility curve of the hydrogenated 
fuel according to the U. S. Army Air Corps 
octane number test. It will be noted that 
this method of rating appreciates the leaded 
octane number of the hydrogenated naph- 


the severe Series '30 test at 375 deg. F. 
jacket temperature. 


rate of conversion: 65 percent fresh feed tha. The Army octane number of the hydr 
? 


at a total feed rate of two volumes per fuel containing 3 cc. of tetraethyl lead per 


Figure 2. 
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Figure 3. 


gallon is somewhat superior to the Army 
octane number of the similarly rated nat- 
tural naphtha (94 versus 92). Especially 
notable and unusual is the appreciable in- 
crease in octane number (from 94 to 98) as 
the lead addition is increased from 3 cc. to 
6 cc per gallon. 

Because of its high octane number and 
excellent volatility characteristics, the hy- 
drogenated fuel is ideally adapted to the 
preparation of the so-called “‘100 Army” 
octane number aviation fuel. This super 
fuel is regularly made by blending com- 
mercial isooctane with a light casinghead 
fraction and with a high-grade natural avi- 
ation naphtha, 3 cc. of tetraethyl lead per 
gallon being added to the blend. The hydro- 
genated aviation naphtha can be substituted 
for the natural gasoline, with a consequent 
reduction in the percentage of commercial 
isooctane used in the 100 Army blend. 
Typical inspection data show that all of 
the usual stringent specifications for vola- 
tility and stability are amply met, while 
the octane number is slightly above 100 by 
the Army method. 

Similar experimental hydrogenation for 
aviation gasoline has been conducted with 
a number of charging stocks other than the 
Coastal naphtha referred to above. In- 
spections of hydrogenated aviation gaso- 
lines produced show high octane number 
(75.3-76.8) and uniformly good susceptibil- 
ity to tetraethyl lead. The gasolines all 
show negligible unsaturation (as indicated 
by low acid heat) irrespective of whether 
the charging stock is virgin or cracked. 

While the results presented herein for 
moderate-temperature hydrogenation with 
a new catalyst are quite striking from the 
standpoint of octane number of the aviation 
gasolines, these results are not considered 
the ultimate obtainable. Laboratory-scale 
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studies in progress on experimental cata- 
lysts give promise of further increasing the 
octane number of the aviation naphtha 
without sacrifice in yield, conversion per 
pass or desirable volatility and stability 
characteristics. 
HIGH TEMPERATURE 
HYDROGENATION 


Previous to the development of the new 
selective catalyst referred to in the previous 
section, considerable experimental as well 
as some plant scale data were obtained with 
the older catalysts on the production of 
high octane aviation naphthas by high pres- 
sure aromatizing hydrogenation at high 
temperatures. The feed stocks employed 
included low boiling, cracked and virgin 
cuts. Inasmuch as the product was desired 
to be highly aromatic in composition, charg- 
ing stocks as aromatic as feasible of pre- 
paration were chosen. Likewise because of 
the low end point specification (275-325 
deg. F.) of the light naphthas, it was quite 
desirable that the feed stock be of low 
boiling range, so that reasonably high per- 
cent fresh feed might be maintained. This 
type of operation resulted in aviation 
naphthas of excellent aromaticity and anti- 
knock properties (81-87 A.S.T.M. octane 
number); and despite the high processing 
temperature, the fuels so produced were 
relatively stable, requiring no acid treating 
for finishing but only the addition of a 
small quantity of inhibitor. 

The aromatic hydro naphthas, while high 
in octane number, show poor susceptibility 
to tetra ethyl lead in the A.S.T.M.-C.F.R. 
test. However, the Army method of octane 
number determination appreciates this fuel, 
both clear and leaded, over the A.S.T.M.- 
C.F.R. method. The octane numbers of 
individual fractions of these aviation naph- 
thas increase progressively with boiling 
range. 

These hydro naphthas should find ready 
application wherever the high octane num- 
ber and other characteristics of aromatic 
fractions are desired for aviation fuels. 
However, because of deficient front-end 
volatility, it is necessary to blend these 
hydro gasolines with low boiling natural 
naphthas to meet conventional specifica- 
tions for aviation gasolines. 


PART II: HYDROGENATION OF 
OLEFIN POLYMERS 


The recent availability of isooctane in 
commercial quantities has permitted the 
production of aviation fuels of much higher 
anti-knock properties than was heretofore 
practicable. 

Commercial isooctane is prepared by the 
hydrogenation of selected polymers of iso- 
butylene, a common constituent of the 
gases obtained by cracking petroleum prod- 
ucts. Such isooctane consists largely of 2, 


2, 4 trimethylpentane. Other branched 
chain octanes can be made by hydrogenat- 
ing the so-called “‘copolymers’’ which are 
formed by the reaction of isobutylene and 
normal butylene. These isomeric octanes 
are quite similar to commercial isooctane, 
and can be utilized for production of 
premium fuels in much the same manner. 

The hydrogenation step which is so essen- 
tial in the manufacture of isooctane and its 
related compounds is described herein as 
adapted by the Standard Oil Development 
Company to the manufacture of these ma- 
terials. 

The commercial isooctane and its isomers 
which are employed in the preparation of 
high octane number fuels, have a chemical 
stability equal to that of the best virgin 
aviation gasolines, since they are completely 
saturated chemical compounds. They have 
low sulfur content, low copper-dish gum, 
excellent color stability, low vapor pressure, 
and low freezing point. The octane number 
of commercial isooctane by the C.F.R.- 
A.S.T.M. method of test is 99 to 100. In- 
spections of a typical sample of commercial 
isooctane produced in large quantities by 
the Standard Oil Development Company 
are given in the accompanying table. 


Inspection Characteristics of Commercial Isooctane 


Gravity, A.P.J... F , , 70.8 
Color, Saybolt ; ; ... +30 up 
Doctor... .. oF : ; Passes 
Copper Dish Corrosion : ...+ Passes 
Copper Dish Gum, Mgs/100 cc : ae 
Bromine Number... . jainceeneee 
Reid Vapor Pressure @ 100 deg. F a ; ...3.0 pounds 
A\S.1T.M. C.F.R. Octane Number .. 995 
Breakdown Time (Hours). . . . vekkent 24+ 
A.S.T.M. Distillation: 
"> ae on von 
5% @... : .-198 
10% @.. . -206 
30% @... 212 
50% @... ; 213 
10% @...... 215 
90% @.... - 218 
95% @.. 222 
Final °F... .. 245 
I  ccckcvenvesnessatbnaeueseeunad 99.0 


Aviation gasoline specifications generally 
require that 10-30 percent be distilled at 


Figure 4. 
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75 deg. C. (167 deg. F.) to provide front 
end volatility. Commercial isooctane, it 
will be noted, does not possess this charac- 
teristic but by blending with suitably frac- 
tionated natural aviation naphthas a prod- 
uct of wholly satisfactory volatility is 
obtained. In this manner aviation fuels of 
100 octane number by the U. S. Army Air 
Corps method of test and meeting the con- 
ventional aviation gasoline distillation re- 
quirements have been produced commer- 
cially. These fuels comply in every respect 
with the specifications for the U. S. Army, 
the British Air Ministry and the French 
Air Ministry. The C.F.R.- A.S.T.M. octane 
numbers of the unleaded fuels are about 
83.5. Army octane number 92 can be 
reached with 0.42 cc. of lead. 

The octane number can also be varied by 
changing the percentage of isooctane in 
the base blend. For example, fuels of 87 
C.F.R. and 77 C.F.R., containing no lead, 
have been prepared. 

As mentioned above, hydrogenated mixed 
polymers of iso- and normal butylenes can 
also be used for the production of high anti- 
knock value fuels. Hydrogenated polymers 
of this type are somewhat higher boiling 
than commercial isooctane and are some- 
what lower in octane number. Their em- 
ployment in aviation fuels requires a lower 
boiling base stock and likewise a higher 
content of hydro polymer. An inspection 
of an aviation fuel containing hydrogenated 
co-polymers plus 3 cc. of tetraethyl ead 
per gallon follows: 


Nc cine theese ee enwnvaedede 69.9 
ican ciccabsdadaaatatien 1.0 
No 5-0 v0cdWscsvsbedvien ees Passes 
a dan chat eakeneeee sue nmausmees Passes 
Color, Saybolt....... vate kek eaawee ds Blue 
Reid Vapor Press. @100°F................ 7.0 
dean 44.570. 96 Kakeaadne vale 1 
IR. oo id's 006s Seeeuewwes +20 
Ee ee 0.012 
eR eee Equal to pure 
isooctane 
+0.08cc of lead 
per gallon. 
ce ci ctcctesentewene 100 
Freezing Point, °F, lessthan.............. whe —16 
A. S. T. M. Distillation 
te Sas ee 118 
Jo @ 167°F (Dist. +Loss)................ 25.2 
Fo @ 212°F (Dist. +Loss)................ 55.2 
Ee 5d eed caso p beni dee ww SE ee 
ee a aca > a onled Kune atin in 255 
SSO See ee eee 98.0 
ee eee 1.2 
Sum of 10 and 50% Dist. Temp............ 359 


COMMERCIAL HYDROGENA- 
TION OF POLYMERS 


At Baton Rouge, Louisiana, a plant has 
been hydrogenating diisobutylene commer- 
cially for more than a year. A general flow 
diagram of this plant is shown in Figure 2. 
The same type of equipment and the same 
flow of materials are used in polymer hydro- 
genation as in other adaptations of the 
high-pressure hydrogenation process for 
gasoline, kerosene, lubricating oil and sol- 
vent production. 

The hydrogen for the commercial-scale 
polymer hydrogenation is obtained by re- 
ormation of natural or refinery gas with 


92. 


steam. This is carried out in tubes packed 
with catalyst heated by direct firing in a 
radiant type furnace. The gas and the 
steam passing over this catalyst unite to 
form carbon monoxide and hydrogen. Fol- 
lowing this stage, additional steam is added 
and the mixture passed over a second cata- 
lyst at a lower temperature wherein the 
carbon monoxide is converted to carbon 
dioxide and hydrogen according to the 
water gas reaction. The gas leaving this 
stage of the process, containing roughly 
77 percent of hydrogen, is cooled and con- 
ducted to a holder for temporary storage 
prior to compression. 

From the holder the gas passes through 
the compressors where it is compressed in 
two stages to a pressure of about 250 lb. 
per sq. in., following which it is conducted 
to equipment for removal of carbon dioxide. 
This may be carried out by scrubbing with 
water or with suitable chemical solvents. 
The scrubbed gas leaving this equipment 
contains approximately 95 percent hydro- 
gen and is returned to the remaining stages 
of the compressors wherein it is raised to a 
pressure of about 3,000 lb. per sq. in. 

The liquid polymer is raised to the 
operating pressure by steam driven pumps. 
The mixture of liquid polymer, fresh hydro- 
gen and recycle hydrogen (returned from 
the hydrogenating system), all at about 
3,000 Ib. per sq. in., is delivered to a heat 
exchanger where the mixture is preheated 
by the hot hydrogenated products coming 
from the reaction chamber. Additional heat 
is then supplied in a tube furnace wherein 
the temperature is raised to that required 
for reaction. The oil and gas mixture then 
flows from the fired coil to the first reaction 
chamber, which is filled with a sulfur- 
resistant hydrogenation catalyst. Because 
of the exothermic nature of the hydro- 
genation considerable heat is 
evolved and arrangements must be made 
to cool the mixture below the temperature 
at which cracking might occur. The cham- 
ber is therefore equipped with gas nozzles 
at different points in the catalyst bed to 
afford admission of cool recycle gas for 
maintaining the proper temperature. 


reaction, 


On leaving the first reaction chamber the 
mixture of hydrogen and partially hydro- 
genated polymer passes into a second cata- 
lyst chamber identical with the first. As in 
the first chamber, the hydrogenation re- 
action proceeds at temperatures controlled 
by admission of cold gas in the cooling 
nozzles. Hydrogenation is completed in the 
second chamber. The mixture of hydro- 
genated polymer and hydrogen leaving the 
second chamber is heat-exchanged with the 
entering feed mixture, and then cooled in a 
tubular water cooler. The cold products 
pass to a high-pressure separator where a 
gas and liquid separation is made. The 
























































































































































gas, which is_ principally 
picked up by a booster-compressor, and 
recycled to the system both as cooling gas 
and as recycle gas added to the incoming 
feed. The liquid product is stepped down 
to atmospheric pressure following the high- 
pressure separator, whereupon a certain 
amount of dissolved gas is released from the 
liquid. The liquid and gas are separated in 
a low-pressure separator, the gas being sent 
to a fuel gas line. Depending on the nature 
of the operation, the type of product de: 
sired and the character of the polyme 
being hydrogenated, the liquid may be sub- 
mitted to stabilization to remove a smal 
percentage of isobutane and butane forme 
in the hydrogenation process as a produc 
of cracking due to some local overheating 
The stabilization also removes some hydro: 
gen sulfide formed by the hydrogenatiot 
of organic sulfur compounds contained i! 
the feed stock. If this sulfide were not tt 
moved, it would subsequently be oxidize 
to free-sulfur and the feed would fail 
pass the corrosion test. In case the stabil 
ization step is not employed, the hydro 
genated polymer is immediately pumped 0 
a caustic soda scrubber where it is washe! 
countercurrently with a 10 percent caust 
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solution. Following stabilization or caustic 
treatment, the material is pumped to storage 
and is ready for use. 

Since the catalysts used are highly re- 
sistant to poisoning, and since polymer 
hydrogenation is carried out at a relatively 
low temperature, long catalyst life is ob- 
tained. The Baton Rouge plant is now 
operating on a batch of catalyst having 
more than 5,500 hours service. This catalyst 
still has high activity and it is expected 
will be suitable for a full year’s service. By 
virtue of this sustained activity, continuous 
runs of one year’s duration are possible. 


LABORATORY SCALE 
POLYMER HYDROGENATION 


In preparation for and concurrent with 
the commercial scale hydrogenation of poly- 
mers, the Standard Oil Development Com- 
pany has pursued. experimental hydrogena- 
tion work in laboratory scale equipment 
permitting continuous operation. Studies 
have been made of several types of polymers 
and of several catalysts. The conditions for 
Operation during hydrogenation were sub- 
stantially the same for all polymers over 
any given catalyst. 
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The laboratory-scale hydrogenation, with 
continuous operation, has been carried out 
in small units duplicating the large plants. 
Heat exchange is not employed on the small 
scale, the oil and hydrogen mixtures being 
brought to reaction temperature in a small 
coil immersed in a heated lead bath. The 
light gas, principally hydrogen, released in 
the liquid-gas separator, can be recycled to 
the unit in order to furnish information on 
the effect of returning the gas on ultimate 
yields. 

The characteristics of some of the various 
polymers before and after hydrogenation are 
compared in the following discussion. The 
products of most of the current polymeriza- 
tion processes have been hydrogenated, these 
including 
(b) triisobutylene, (c) co-polymers of iso- 
and normal butylenes, (d) mixed polymers 
of propylenes and butylenes, and (e) po- 


(a) commercial diisobutylene, 


lymers produced by thermal polymeriza- 
tion. 


Commercial Diisobutylene 

The feed stock termed ‘‘commercial di- 
isobutylene” is a product consisting largely 
of diisobutylene together with small amounts 











© Robert Yarnall Richie. 


Humble Oil’s Baytown refinery, showing 
the thermal polymerization unit. 


of the polymers of iso- and normal butylene 
and a small percentage of butanes, buty- 
lenes and triisobutylene. Upon hydrogena- 
tion the commercial diisobutylene produces 
commercial isooctane. 

The hydrogenated material is completely 
saturated and shows substantially the same 
boiling range as the feed sock. The extent of 
hydrogenation, as measured by the acid 
heat or the bromine number of the hydro- 
genated product can be controlled between 
complete saturation and any desired degree 
of unsaturation. 

The hydrogenation of diisobutylene be- 
comes of significance as the octane number 
of the material is increased from about 84 
to 99-100. Furthermore, the response to 
tetraethyl lead is markedly higher. 

The yields obtained upon hydrogenating 
diisobutylene range from 90 to 103 percent 
(volumetric) depending primarily upon the 
catalyst, the type of equipment and the 
extent of temperature control. 
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Commercial Triisobutylene 


diisobutylene by 
polymerization is accompanied by the simul- 
taneous production of limited amounts of 
triisobutylene and of traces of higher po- 
lymers. Experimental hydrogenation has 
been done on a triisobulylene fraction ob- 
tained by distillation of a total polymeriza- 
tion product. 

The comparative inspections of triisobue 
tylene and the hydrogenated material indi- 
cate that partial decomposition of the 
trimer has occurred giving rise to isobutane 


The production of 


and isooctane in the hydrogenated product. 


Diisobutlyene-Triisobutylene 
Mixtures 


Experimental hydrogenation has been 
carried out on a mixture of diisobutylene 
and about 40 percent triisobutylene. The 
distillation indicates that the triisobutylene 
has experienced partial decomposition and 
has given lower boiling products. As would 
be expected, the octane number of the 
hydrogenated material is higher than that 
of the base stock, 98 C.F.R. versus approx- 
imately 86. 


Co-Polymers of Iso- and 
Normal Butylene 


The polymerization of unsaturated gases 
can be conducted so as to give a product 
consisting largely of isobutylene polymers 
or the product can be made to consist of 
co-polymers made by the union of normal 
butylene and iso-butylene with yields of 
the same magnitude. As in the case of 
diisobutylene, hydrogenation produces a 
highly stable non-corrosive product of good 
color. The octane number of the hydro 
co-polymer is 94 C.F.R. versus 98 for the 
hydrogenated diisobutylene-triisobutylene 
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mixture but may vary from 90 to 96-97 
C.F.R., depending upon the composition of 
the original co-polymer. 


Mixed Polymers of 
Propylene and Butylenes 


A limited amount of experimental hydro- 
genation has been carried out on a polymer 
which was produced by a random (non- 
selective) polymerization of propylene and 
butylenes. The octane number of the ma- 
terial boiling up to 325 deg. F. showed a 
marked drop upon hydrogenation. The 
original polymer (initial to 325 deg. F. 
fraction) had an octane number of 82 C.F.R. 
while the octane number of the hydrogenated 
material dropped to 64.2 C.F.R. This de- 
crease in octane number is believed to result 
from the saturation of the large amount of 
straight chain olefins to which the high 
octane number of the original polymer is 
probably due. 


Thermal Polymerization 


A polymer made by pyrolysis and poly- 
merization at relatively high temperature 
and high pressure was subjected to catalytic 
hydrogenation. This type of polymer also 
loses octane number on hydrogenation, 
dropping from 80 C.F.R. on the original 
unsaturated material to 62 on the hydro- 
genated product. 


Blending Value 


The major and very important advantages 
resulting from hydrogenation of commercial 
diisobutylene and 
higher octane numbers, the improved lead 
susceptibility and the greater chemical sta- 
bility thus obtained. Blends of these hydro- 
genated polymers and natural naphthas 
can be made which have anti-knock values 
superior to any possible from the original 
unhydrogenated polymers, even with a 
higher tetraethyl lead content. 

The advantage of hydrogenated diisobu- 
tylene for high octane numbers becomes 
more apparent when preparing leaded blends 
with natural naphthas. Figures 3 and 4 
display the results of adding tetraethyl lead 
to blends of diisobutylene and of commer- 
cial isooctane respectively. An 83 O.N. 
blend containing about 50 percent of diiso- 
butylene is increased to 86 O.N. with the 
addition of one cubic centimeter of lead 
fluid and to approximately 87 O.N. on 
addition of two more cubic centimeters of 
lead. However, an 83 O.N. blend con- 
taining 45 percent commercial isooctane is 
increased to 91 O.N. with one cubic cen- 
timeter of lead and to 98 O.N. with two 
more. The maximum octane number with 
three cubic centimeters of lead is obtained 
with no diisobutylene present and the po- 
lymer addition thus becomes a disadvan- 
tage. With commercial isooctane, however, 


co-polymers are the 


the addition of three cubic centimeters 
brings a marked octane number increase at 
all concentrations. It is thus possible to 
produce blends of 100 O.N. and above from 
a natural naphtha by a combination of 
commercial isooctane and lead. 

A comparison of the octane number 
blending values and lead susceptibilities of 
co-polymers and hydrogenated co-polymers 
likewise show an advantage for the hydro. 
genated material in producing higher octane 
number blends. The hydrogenated materia] 
is superior in blending octane number valye 
at all concentrations and octane numbers 
can be obtained which are beyond those 
possible from codimer blends. Figures 5 
and 6 display the lead susceptibility of 
blends of codimer and of hydrogenated 
codimer. As may also be observed in the 
figures octane number of co-polymer blends 
with three cubic centimeters of lead is jp 
the range of 88 or below while hydro co. 
polymer can be used for leaded blends of 
100 O. N. or above. 

Not only does hydrogenation lower the 
octane number of the mixed propylene and 
butylene polymers and of thermal polymers 
but higher octane number blends can ly 
obtained at all given concentrations from 
these polymers in the original state. Further- 
more, although hydrogenation improves the 
lead susceptibility of these polymers, the 
base octane number of the hydrogenated 
materials is sufficiently lower than the 
original polymer as largely to offset the 
improved lead response. The above rela- 
tions are illustrated by the following blends: 


Octane Numbers A.S.T.M. CFR 


Untreated With 3 cc. Pb 
Aviation Naphtha.............. 74.0 88.5 CFR 
Aviation Naphtha Plus 25% 
Thermal Polymer............. 75.0 85.5 CFR 
Aviation Naphtha Plus 25% Hy- 
drog. Thermal Polymer... . . 1.5 87 CFR 
Figure 6. 
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HEATING OILS Reach <Superior-Use 
Product’ Class 


Nineteen Million Barrel Heating 
Oil Demand Probable by Febru- 
ary, 1938, Necessitating Greatly 
Increased Crude Runs or Lower 
Yields of Gasoline in Favor of 
Higher Recovery of Fuel Oil 


From Crude. 


BREFINERY engineers are paying more 
attention to economics, whether they know 
it or not. Prior to 1935, the job of the aver- 
age refinery engineer seemed reasonably 
clear cut; primarily, it involved obtaining 
the highest yield of gasoline consistent with 
quality. At odd times he made sure his 
lubricating oil was superior to his com- 
petitors’, and experimented with still gases. 
These assignments were largely techinical; 
economics was hardly more than an aca- 
demic term. 

In 1935 and 1936 fuel oil, long considered 


1935 
N 


Table 1.—Average Prices of Two Selected Grades of Heating Oils, 1934-1937 


Jan. Feb. Mar. 


No. 1 straw oil at Oklahoma refineries......... 3.11 2,90 2.71 
No. 2 furnace oil, f. o. b. tank car at New York 

RE ii6ocds binae sna nnscavausekitee 448 4.53 4.63 

jo. 1 straw oil at Oklahoma refineries......... 3.23 3.13 3.08 
No. 2 furnace oil, f. 0. b. tank car at New York 

harbor... ... OS Pee ye 4.75 466 4.38 


No. 1 straw oil at Oklahoma refineries......... 3.31 3.44 3.49 
No. 2 furnace oil, f. 0. b. tank car at New York 
MEN Scdcuneedicuricaveawtensaedes 4.38 469 4.69 


No. 1 straw oil at Oklahoma refineries....... . 365 3.97 3.94 
No. 2 furnace oil, f. o. b. tank car at New York 
PE caetenscdcndecassabeesaiedsos 464 467 4.51 


1934 


1936 


1937 


a has-been, staged a comeback in the form 
of heating oils. The demand for these light 
fuel oils increased about 25 percent in 1935 
over 1934; in 1936, at least that much over 
1935. These increases were too phenomenal 
to be overlooked, even though the demand 
for gasoline was increasing nearly 10 per- 
cent annually. 

The gain in gasoline demand was met in 
the main by increased runs to stills. The 
rise in the demand for heating oil was too 
great to be met in any such conventional 
manner, hence it was necessary to adjust 
the yields of products, that is, raise the 
heating-oil yield at the expense of gasoline 
and other products. In accomplishing this 
the refinery engineer found himself spending 
an increasing amount of time with prosaic 
statistics of sales and stocks of gasoline and 
fuel oil. 

Technically, the meeting of 20-25 percent 


CHART I-TRENOS IN DELIVERIES AND YIELOS OF GAS O/L AND D/STILLATES 
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PERCENT YIELD FROM CRUDE 


Apr. 
2.87 
4.63 
3.04 
4.18 
3.59 
4.41 
3.81 
4.50 


(Cents per gallon) 


May 
2.77 
4.78 
3.45 
4.13 
3.55 
4.25 
3.80 
4.86 


June 
1.77 
5.00 
3.34 
4.00 
3.31 
4.25 
3.75 
5.17 


July 
2.47 
5.00 
3.05 
4.00 
3.11 
4.25 
3.75 
5.25 


Aus. 
2.52 
4.91 
3.02 
4.00 
2.93 
4.21 
3.75 
5.25 


Sept. Oct. 


2.74 
4.81 
3.08 
4.00 
2.98 
4.19 
3.80 
5.25 


1.88 
4.50 
3.05 
4.00 
3.11 
4.30 


Nov. 
3.02 
4.50 
3.05 
4.13 
3.33 
4.25 


Dec. 
3.19 
4.68 
3.19 
4.25 
3.53 
4.38 


Year 

2.66 
4.70 
3.14 
4.29 
3.31 

4.35 


gains in heating-oil demand has never 
worried the refinery engineer greatly. The 
average gravity of heating oils is not far 
from the average gravity of crude oil 
(about 34 deg.); in fact, some crudes are 
used in domestic burners without refining. 
Economically, the situation was somewhat 
different as up until the spring of 1937 
heating oil prices were just about on the 
edge of profitable operations. The 1937 
advance of a cent or more, shown in 
Table 1, above, did much to increase the 
popularity of heating oils around the 
refineries, without causing more than a 
handful of burner owners to go back to 
coal. Before the price increase, it was not 
considered desirable to allow the increasing 
burner-oil demand to influence gasoline 
yields—that would be a backward step in 
conservation! Before the price increase, the 
supply of burner oils was to be augmented 
at the expense of residual fuel oil; now 
refiners are not loath to cut into the cracked 
gasoline yield for this purpose. In general, 
reduced cracking lowers the octane, but 
that can’t happen if the refiners are to hold 
their sales’ position, hence the refinery 
engineer is faced with the necessity of 
readjusting his crude supplies and opera- 
tions, or, as a last resort, purchasing tetra- 
ethyl lead. 


What are these heating oils or burning 


oils or distillates, which threaten even the 
supremacy of gasoline? How may they be 
defined? These questions are not simple to 
answer as no two crudes yield exactly the 
same products. Roughly, these products 
cover all the distillates coming off after 
kerosene, yet some oil burners operate on 
kerosene or its twin brother, range oil, and 
some can handle heavy residuals. Based on 
pure specifications, gas oil and diesel oil are 
within the group, and oftentimes oils made 
for gas carburetion or for use in Diesel 
motors find their way into oil burners. 
Gravity used to be about the only specifica- 
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Table 2.—Detailed Requirements for Fuel Oils ! 
Water Car Ash, 


Distillation Viscosity, ] 3 








and bon _ per- seconds 
Flash Pour sedi- resi- cent 10 90 | Saybolt Saybolt 
Grade* point point ment, due, per- per- Univer- Furol 
" °F. «per —oper- cent cent | End sal (at (at, 122 
cent cent point point point 100°F.) F.) 
Min. Max. Max. Max. Max. Max. Max. Max. Min. Max. Min. Max. Min. Max. Min. 
No. 1. A distillate oil for use in 100 165 “45 0.05 (*) .... 420 oa 
ua requiring a volatile ; or : 
Ve Reece ega J 
No. 2. A distillate oil for use in 110 190 “415 0.05 (*) 440 600 .... .... 590 
burners requiring a moder- or 
ately volatile fuel. . . . legal : 
No. 3. A distillate oil for use in 110 230 *20 0.1 0.15 ‘ er 1. "oe ‘ ; 55 
burners requiring a low- oF 
viscosity fuel . . legal 
No. 4. An oil for use in burners 150 .... .... 1.0 .... Of =" cee aie . Oo SS 
requiring low-viscosity fuel 
No. 5. An on i oe in burners ee, ~—. ove Ses tae laa pi ... 250 100 
quipp with p 
— a medium-vis- 
cosity F “ 
No. 6. An oil for use in burners ere ae. ee ee eee eee ee ee 
d with h 


e for low sulfur fuel oils used in with heat-treatment, non-ferrous-metal, glass and ceramic furnaces and 
other poe uses, a sulfur nd dent may be specified in perth ny noone oh the following table: 


Grade of fuel oil 


1 pg 








Sulfur, max. percent 


Mie Bs.s00e 0.5 

No. 2.. 0.5 
er 0.75 
«Eee - 428 
are No limit 
No. 6.. No limit 


Othe: sulfur limits may be specified only by mutual agreement between the buyer and seller. 


2 It is the intent of these classifications that failure to meet any requirement of a given grade does not automatically place an oil in the next 
lower grade unless in fact it meets all requirements of the lower grade. 


Lower or higher pour points may be specified wh ired by diti 
require a pour point lower than O°F. under any conditions. 
* 0.12 percent on 10 percent bottoms. 
5 This requirement shall be waived when the carbon residue is more than 0.07 percent and less than 0.15 percent. 


® Water by distillation, plus sediment by extraction. Sum, maximum 2.0 percent. A deduction in quantity shall be made for all water and 
sediment in excess of 1 "6 percent. 


7 This requirement shall be waived when the carbon residue is 6 percent or more. 





of storage or use. However, these specifications shall not 
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New Lummus combination unit at Pure 
Oil Company’s Smith’s Bluff refinery, 
Texas. 


tion; now one hears more about viscosity 
than about relative weight. The c infusion 
resulting from introcuding so many kinds 
of oil to various types of burners finally 
became so great that refiners, distributors, 
consumers, and manufacturers of oil burners 
got together with the Bureau of Standards 
and drew up a set of specifications for fyel 
these 


oils. According to specifications, 


which are shown in the following table 
fuel oils are divided into six classes, num. 


bered one to six. In general, the lower the 


number, the lower the viscosity and the 
higher the gravity, although, as previously 


a No. 2 fuel oil from one crude 
may be heavier than a No. 3 from another, 

As with gasoline specifications, the fore. 
going not rigidly 
followed by the companies. Most companies 


indicated, 


limits for fuel oil are 


probably use them as starting points in 


establishing their own specifications to 


meet their customers’ needs. The average 
customer knows little and cares less about 
-., of his fuel oil 


and how they are aes at the refineries 


the flash point, viscosity, 

Although the available statistics on fuel- 
oil consumption are improving rapidly, they 
are as yet inadequate in measuring the 
growth in heating oi! demand. Within the 
last year the U. S. Bureau of Mines has 
made available monthly data on_ the 
indicated domestic demand for gas oil and 
Beginning in 1926 that 


Bureau began annual surveys of fuel-oil 


distillate fuel oils. 


consumption by states and major uses 


Pertinent data from these 
Table 


two statistical 
series are given in 3 and Chart | 
which follow. 

The most striking fact revealed in Tabl 
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26 that Two 80,000 bbl. spheroid storage 
fuel-oil tanks at Humble Oil’s Baytown 
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thermal polymerization plant. 


Continuous treating tanks at the 


Cabin Creek refinery of Pure Oil 
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3 is, of course, the large percentage gains in 
indicated deliveries of gas oil and fuel oil as 
a group and in sales of both heating oils and 
range oils. Range oil is generally classed 
with kerosene rather than with heating oils, 
but the consumption data for it are too 
imposing to be ignored in any discussion 
of fuel-oil demand. Another important 
aspect of Table 3 is the increase in yield 
since 1930. This may seem small in percent 
of yield but on a hundred million barrels of 
crude oil as now refined each month it 
represents a considerable output. Note in 
Chart 1 the rapid rise in yields in the 


winter months of 1936 and 1937. Before 
that the refiners apparently made little 
effort to adjust their operations to meet the 
heating-oil demand. Imports of gas oil and 
distillate fuels, which apparently began in 
1934, have never been important. On the 
other hand, exports have comprised a 
material part of the total demand and the 
60 percent gain indicated for 1937 over 
1936 in shipments abroad is an element to 
be reckoned with in supplying the demand 
for the heating season just underway. 

Of the indicated deliveries of gas oil and 
distillate fuel oils (103,462,000 bbl. in 1936) 


Table 3.—Salient Statistics of Light Fuel Oils, 1930-1937 
(Thousands of barrels) 


Stocks at 

Percent refineries 

Year Production yield Imports Exports end of 
period! 

1930..... 81,551 8.8 243,000 16,390 
1931 .. 83,882 8 =—sowe ee “11,000 18,526 
1932 . 69,467 a ssw ewewe 8,782 14,110 
444,277 

1933 78,920 9.2 owen 11,424 17,025 
"16,315 

19 94,972 10.6 3 14,131 21,957 
9900..... 100,235 10.4 15 16,249 19,930 

36 125,650 11.8 485 19,884 22,719 
1937-Can.- 

July)... 81,104 12.1 556 16,628 23,637 
19372.... 153,000 13.0 1,000 30,000 {000 
1Stocks at end of 1929—16,778,000 barrels 
“Estimated 
“Decrease 
4New basis 


Indi- Percent Sales Percent Sales Percent 

cated increase of increase of increase 

deliv- over heating over range over 

eries previous oils previous oil previous 
period year year 

ee). wees 43,279 iGedandd 3,000 ee 
70,746 3 40,578 %6 4,549 52 
65,101 58 44,264 - 6,841 50 
64,581 4 50,140 13 10,269 50 
75,202 16 60,822 21 15,756 53 
86,028 14 16,853 26 921,526 37 
103,462 17 ,000 26 “27, 25 

64,114 i whee aitee kethen  ceadde 
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about three-fourths are heating oils for 
domestic burners, most of the remaining 
fourth being diesel oil. Data on the number 
of oil burners in use and the average con- 
cumption per burner are shown in the 
following Table 4. 

According to Table 4, the late depress:on 
failed to prevent sizeable increases in 
number of burners, but may have had 
something to do with the decrease in oil 
consumption in 1931. Since 1931 the 
average consumption per burner has in- 
creased steadily, reflecting to a degree the 
fuller purse or less need for economy, but 
mainly an increase in the average size of 
installations. 

So much for the past—what of the future? 
What will the heating-oil demand be this 
winter? Will the refiners meet the antici- 
pated increase? Is there any danger of a 
shortage in case the weather is as severe as 
in the winter of 1935-1936? The answers to 
questions two and three are simple com- 
pared with that of the first. 

The prolongation of the heavy trend line 
in Chart I gives the indicated domestic 
demand for gas oil and distillate fuel oil in 
1937 as 125,000,000 bbl., or 20 percent 
higher than in 1936. But that was too 
simple—how high will the monthly de- 
mand figures go if the weather is mild like 
last year or cold as it was the year before? 
These additional questions suggested the 


Table 4.—Number of Domestic Oil Burners 
and Consumption per Burner 





















































Average 

Average number Estimated consumption of consumption 
Year of domestic of heating olls in domes- per burner 

bumers in use! tic burners (barrels). (barrels) 
1930. . 3 25,771,000 43 
1931... 712,900 24,847,000 35 
1932... 2 27,886,0 35 
1933.. $81,800 32,591,000 37 
1934.. 967,200 41,359,000 43 
1935.. 1,084, 54,566, 50 
1936... 1,253,700 72, 57 
1937.. 1,500,000 90,000, 60 
1930-1936 from A. P. |.) 1937 estimated. 





preparation of Chart II, which follows. 

In Chart II the same monthly figures of 
gas oil and fuel oil deliveries as shown in 
Chart I have been plotted above the trend 
line, which has been rotated to form a 
normal at O. This procedure was followed 
principally to eliminate the growth in con- 
sumption due to the increasing number of 
installations. Superimposed on this, in 
reverse scale, are temperature curves for 
the heating seasons of 1934-1937. The 
temperatures indicated are the averages 
weighted according to fuel-oil consumption 
by states. As an additional refinement the 
monthly figures of demand have been 
smoothed out over twelve months of equal 
length. 

Probably this chart’s outstanding claim 
to credit is that with one exception (Feb- 
ruary, 1934) it shows consumption going 
up when the temperature goes down, and 
vice versa. Q. E. D.! As regards the matter 
of how much consumption rises per degree 
decline in temperature, the chart is de- 
ficient, if not misleading. It shows demand 
in the early months of 1937 rising well above 
the temperature line, whereas in February, 
1936, when the average temperature was 
only 18 deg. F., the two lines are close 
together. This behavior apparently con- 
firms the oft-expressed belief that, although 
it takes relatively much more oil to heat a 
house on a very cold day, it takes con- 
paratively little more during a cold season. 
It also indicates that economic conditions 
have at least as much to do with oil con- 
sumption as temperature. It is too bad that 
Chart II developed as it did as, otherwise, 
all one would have to do would be to 
measure the hair on the rabbits or the bark 
on the trees to forecast the demand. 

Returning to the problem of the demand 
for heating oils during the present season, 


it was estimated above that the demand fo, 
the calendar year 1937 would be about 
125,000,000 bbl. Of this, November could 
claim 12,500,000 bbl. and December 15.. 
500,000 bbl. Refinery stocks of gas ojl and 
distillate fuel oils east of California Wer 
considered to have reached rock bottom 
levels early in 1936 at around 15,000,099 
bbl. This figure includes an _ excess in 
California, but as demand has grown anq 
more working stocks are needed east 0 
California, it may be used as the estimate 
low point for 1938. An approximate picture 
of supply and demand for the six months 
November, 1937, to April, 1938, may they 
be drawn as indicated in Table 5. _ 

The yields required to meet the produc. 
tion indicated in this table depend on s¢tijj 
another unknown, crude runs to stills 
Crude runs to stills used to decline jy 
winter but now that the heating-oil demand 
has grown to offset the decline in gasoline 
consumption, runs are practically uniform 
from month to month. Assuming then tha 
present runs of about 3,400,000 bbl. daily 
will be maintained during this winter, the 
highest yield that will have to be obtained 
is 17.9 percent in February, 1938. That is 
nearly four percent above the highest yield 
ever recorded (14.1 in January, 1937), 
suggesting either that crude runs will have 
to be raised considerably above the 3,400. 
000-bbl. level, or that the yields of gasoline 
and other products will have to be e- 
tensively raided in favor of heating oils. In 
addition is the problem of increasing 
kerosene yields to take care of the rapid 
gain in range-oil consumption. Just what 
adjustments in yields will be made is not 
clear but probably those for gasoline, 
residual fuel oil, asphalt, and road oil will 
decline from present levels. It is virtually 
certain that the gasoline yield for February, 
1938, will not match the 45.0 percent 
registered last February. 

The forecasts of heating oil demand given 
above presuppose a season of norma 
temperature. The actual domestic demand 
for gas oil and distillates might well exceed 
the 17,000,000-bbl. mark (the top line in 
Chart I) in the early part of 1938 if the 
winter is severe. Such an eventuality woul 
require even higher yields from crude 
However, now that the average refiner i 
making money on his heating oils, he ’ 
quite willing to alter his operations in favor 
of a second superior-use product. 


Table 5.—Six Months Supply and 
Demand Forecast 
(Thousands of Barrels) 


Stocks, end 

Demand! ‘of month —_—Prodactio# 

November, 1937... 15,000 25,000 15,000 
i aaa 18,500 21,500 15,00 
January, 1938 19,500 19,000 17,000 
ebruary, “ .......... 9000 17,000 17,00 
March, “ .......... 14,000 15,000 12,000 
April, “ .......... 11,000 16,000 12,000 


including exports, imports negligible. 
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SYNTHETIC Petroleum 
and Economie Autarehy 


By Dr. 0. W. Willcox 


Despite Higher Costs, Use of Syn- 
thetic Fuels Is Considered Desir- 
able and Substitution of Syn- 
thetie for Natural Products May 
Become a Dominant Factor in 
the Oil Supply Situation of Cer- 


tain Nations. 


© Standard Oil Company of Indiana 
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Prop e in the petroleum industry are 
accustomed to say: “Oil is where you find 
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it.’’ But this adage does not cover all cases. 
It is equally true that where no oil is found 
it may be made. 


ee enol 


The fact is that there are now two grand 
divisions of the petroleum industry. Of 
these the principal one is based on the 
exploitation of ready-made petroleum which 
nature has more or less effectively con- 
cealed in the bowels of the earth. The 
other is based on the exploitation of 
materials that become petroliferous only 
after receiving the attention of chemists and 
chemical engineers. Nature has thus made 


Sy ease 


‘RASS see 


it possible for nearly any country on earth, 
even those without natural petroleum, to 
obtain and use oil and oil products, pro- 
vided, that they have access to fossil carbon 
in one or another of its many forms. 
Although nearly any country may thus 
provide itself with oil, the two methods of 
obtaining it differ vastly in convenience and 
cost. To obtain ready-made natural petro- 
leum it is only necessary to find an oil 
bearing horizon, sink a well therein, and 
the oil will either come out under pressure 
supplied by the formation itself, or it may 





Cracking unit at one of 59 
the world’s largest com- 
plete refineries, Whit- 
ing Indiana. 

















be inexpensively raised by a pump. On the 
other hand, in a country that is unlucky 
enough to have no natural oil deposits, it is 
necessary to mine bituminous coal or 
lignites by hand labor that is more or less 
effectively complemented by machinery. 
These fossil carbons have then to be trans- 
ported to immense factories where the 

through an intricate process in contact with 
other materials, whereby the entering solid 
coal comes out as liquid petroleum. The 
synthetic petroleum answers most of the 
purposes required of the natural product, 
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Modern oil refinery at Naples, part of 
Italy’s national oil refining program which 
has been making notable progress. 


but the difference in cost is enormous. 
Natural petroleum is produced so easily 
(after you find it) in such large quantities 
and can be shipped long distances at such a 
low cost that it falls into that class of com- 
modities described in common parlance as 
dirt cheap. It is a fact that at the present 
time, and even under the most favorable 
conditions, the synthetic product costs 


three to three and a half times as much as 
natural oil. 

In view of this difference in cost there 
may be some wonder that any one should 
embark on the manufacture of petroleum 
from coal. It is a time-honored Principle of 
classic economics that people will buy in the 
cheapest markets. But a low price, even , 
very low one, is not always a sure sign of g 
cheap market. Though natural oil products 
from the American Gulf Coast can be laid 
down in Germany, for instance, at little 
more than a fourth of the cost of many. 
facturing the same products from German 
coal, the fact is that the Germans find an 
economic as well as a military justification 
for their synthetic product. 

This apparently anomalous situation, 
which some petroleum economists find 
difficult to understand, arises from the 
special nature of foreign trade. Normally 
commodities that cross national boundaries 
are paid for by commodities of equal value 
that cross in the opposite direction. When 
this exchange of values is unequal, that js, 
when more value in the form of goods js 
brought in than moves out, the difference 
must be compensated by a gold payment, 
This is the historic method and is a simple 
matter if the importing country has plenty 


of gold, but at the present and for any 


foreseeable time Germany (for example 
has practically no gold. Germany trade 
balances for the most part can now be paid 
only by the forced exportation of domes- 
tically produced goods for what they will 
bring, regardless of cost of production. 
Thus it comes about that it actually re- 
quires fewer hours of German labor and 
fewer units of German capital to manu- 
facture a ton of synthetic petroleum than 
to make enough salable export goods to pay 
for a ton of the foreign natural product. In 
that sense the synthetic product is the 
cheaper. 

Therein is found one sufficient reason 
why Germany (Italy, France, Japan and 
certain other countries are more or less in 
the same boat) is devoting a large share 0! 
the national wealth to the establishment of 
a national synthetic petroleum industry, 
with the avowed intention of displacing 
completely foreign petroleum from the 
German market. This transformation was 
originally to be achieved within the Naz 
four-year plan, but the project has at- 
vanced so well that the Fuehrer has decreed 
that it shall be complete within the next 
eighteen months. 

Then there is another reason that lies 
beyond purely economic considerations. 
There is still such a thing as war, and 
war time international trade is apt to be 
suspended and the inflow of foreign petro 
leum shut off. But petroleum is never % 
badly needed as in war time; an army 
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without oil cannot even get into action 
in a modern war. So, as part of its indis- 
pensable military establishment, a great 
power without natural petroleum resources 
thinks it must create a synthetic petro- 
jeum industry at whatever cost. j 

A few years ago the spread of synthetic 
petroleum might have been looked upon 
as a threat to the natural petroleum 
industry. At the present time, however, 
it is recognized that demand for petro- 
leum products is growing far more rapidly 
than new sources of supply are being 
developed. There is every prospect that 
this will continue to be the case and 
that the only effect of substitute fuels 
will be to relieve to some extent a pressure 
that otherwise might put an undue strain 
upon the natural supply. Until synthetic 
products can be turned out much more 
cheaply than at present they cannot 
compete on equal terms in the world market 
with those derived from natural petroleum. 


GERMAN PROBLEM 


As regards Germany the arithmetic 
of the immediate situation is simple. 
The annual consumption of petroleum 
products in 1936 amounted to 5,150,000 
tons. In the same year the production of 
the existing German oilfields was about 
470,000 tons. The deficit, which has to 
be made good either by imports or by 
manufacture of substitutes, or by both, 
is therefore about 4,680,000 tons. How- 
ever, this leaves out of consideraton 
the fact the German oil consumpion 
is sharply rising. The 1936 consumption 
of 5,150,000 tons was more than a million 
tons greater than the 1935 consumption, 
due to an increase in the number of auto- 
motive vehicles and especially to the 
growing industrial use of the Diesel engine. 
It may be noted, parenthetically, that 
this increased consumption appears to 
indicate that, under German conditions, 
the cost of fostering a synthetic oil indus- 
try may be high but it is not prohibitive. 

Deduction made for subsidiary fuel 
such as alcohol, by-products from the 
distillation of coal, and for the direct 
use of coke and charcoal in gasogenes 
the Germans have to import, or to make, 
about 4,000,000 tons of oil. It is against 
this 4,000,000-ton deficit that they are 
throwing their resources of men and 
materials with the intention of wiping 
it out in a comparatively short time. 

The first beginnings of the synthetic 
petroleum industry date back some thirty 
years, when Sabatier, a Frenchman, dis- 
covered that methane, the simplest of 
the hydrocarbons, could be made from 
a mixture of carbon monoxide and hydro- 
gen with the aid of a catalyser. This dis- 
covery slumbered in the scientific litera- 
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What is to become of the existing large 
Italian oil refining industry which is now 
working on imported crudes? 


ture for 15 years. In the meantime Bergius, 
about 1913, invented a process for lique- 
fying coal by heating it under pressure 
with hydrogen; under these circumstances 
the carbon of the coal was converted 
into liquid hydrocarbons, but the yield 
was small and for the time being nothing 
came of the Bergius process. Then about 
1923 the great German chemical concern 


(then Badische 
Soda-Fabrik) took up the 
Bergius idea. 


I. G. Farbenindustrie 
Anilin-und 
This concern had previ- 
ously acquired large experience in cat- 
alytic chemical reactions involving hydro- 
gen, notably in the ammonia synthesis, 
and the idea was suggested of adding 
a catalyst to the 
coal and hydrogen. 
plant was built at 
and after much 


Bergius mixture oJ 
A large experimental 
Ludwigshaven a/R, 
trouble a catalyst was 
found that would have a long life and 
give worthwhile yields of oil. 




























In brief outline the I. G. F. process 
as it now stands is as follows: the coal, 
which may be bituminous coal or lignite, 
is ground in a mill and made into a paste 
with some heavy oil or coal tar; this 
gives a mixture that is liquid enough to 
be pumped. The catalyst is mixed in, 
hydrogen gas is forced in under pressure, 
and the mixture is passed into an appro- 
priate furnace where it is heated to a 
required temperature; hydrogen is ab- 
sorbed by the coal, and the result is a 
mixture of liquid and gaseous hydro- 
carbons very similar to natural crude 
petroleum. This mixture is passed through 
columns where the fractions corresponding 
to gasoline, kerosene, gas oil, lubricating 
oil, heavy oil, etc., are separated. The 
heavy oil is separated from the ash con- 
stituents and other insoluble matters and 
reused to make a fresh oil-coal slurry. 
This once-through process does not give 
a high yield of gasoline, which is the 
most desired product, but it is then a 
simple matter to crack or to hydrogenate 
the gas oil or middle oil in vapor phase and 
thus greatly increase the production of 
gasoline. 

This I. G. Farbenindustrie process is 
now the main reliance for the production 
of synthetic petroleum in Germany and 
certain other countries. For controlling 
the patent rights outside of Germany 
(except the United States) there has been 
formed an international company, The 
International Hydrogenation Patents Co. 
(I. H. P.). The patent rights in the United 
States are held by the Standard Oil Co. 
of New Jersey and the Standard I. G. Co. 


Plants Using 1.G.F. Process in Germany 


Raw Yearly 
Location Material Capacity, 
tons 


Tees Aen Lignite, tars, 
tesidues. . . .350,000-400,000 
Bohlen (Brabag !). . Braunkohle 








~ aap: Coal, tar..... 175,000 
Masdeburg (Brabag 7 
pppoe. " “om 175,000 
Scholven........ Hibernia Col- 
liery Co. . . Bituminous 
ts 0.063 125,000 
NN era titoetncaed 825,000 


But this is only the start. The Germans 
appear to have a fixed purpose to enlarge 
their synthetic oil industry until it can 
take care of the whole oil requirement 
of the country, regardless of how con- 
sumption may hereafter increase. The 
very fact that consumption is increasing 
in the face of the high selling price of 
gasoline and oil indicates that there is 
little risk in vigorously pushing the fur- 
ther development of the industry. In 
addition to the plants that are now work- 
ing by the I. G. F. process four or five 
others are being projected. Details of 
these new plants have not been clearly 
announced, but it is understood that 
they will have a combined annual ca- 
pacity for producing a million tons of 
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synthetic petroleum. The I. G. F. proc- 
ess is therefore in the way of contributing 
about 1,820,000 tons toward wiping out 
the German oil deficit. 

However, the I. G. F. process is not 
the sole reliance. About the time the 
I. G. F. was perfecting the Bergius process, 
a process of a different type was being 
developed by two Germans, Fischer and 
Tropsch. This process harks back to the 
original discovery of Sabatier, who showed 
that carbon monoxide could be converted 
into methane by catalytic hydrogenation. 
In the Fischer-Tropsch process this cat- 
alytic reaction is managed so that the 
formation of hydrocarbon is not limited 
to methane, but is made to produce 
a whole series of hydrocarbons, and in 
fact to give a product closely resembling 
natural crude petroleum which needs only 
to be separated into gasoline, gas, oil, 
and other products. 

The first step in the Fischer-Tropsch 
process is the very familiar one of pro- 
ducing water gas by blowing steam over 
red hot coke, or briquetted brown coal. 
The water gas reaction is managed so as 
to produce a mixture of carbon monoxide 
and hydrogen in the right proportions, 
and this gaseous mixture is passed over 
a suitable catalyist; the resulting liquid 
products are then separated into the 
commercial gasoline and oil grades. Plants 
now operating by this process in Ger- 
many are: 

RUHRBENZIN A. G. (subsidiary of 
Ruhrchemie A. G.) at Sterkrade-Holten; 
this plant works on brown coal bri- 
quettes to produce 25,000 tons of oil a 
year, and is understood to have re- 
ceived orders to increase this capacity 
to 150,000 tons. 

KLOCKNERWERKE-WINTERSHALL A. G. 
(Mittel Deutsche Treibstoff und Oecl- 


Above, Jersey Standard’s petroleum re. 
finery at Trieste, Italy. Right, absorber 
and still in gasoline plant at Britten, 


Oklahoma. 


werke A. G.), which 


Gewerkschaft Viktor, Castrop-Rauxd 
capacity 30,000 tons a year. 
RHEINPREUSSEN A. G., Hombe 


operating on coke; capaci 

a year. 

The future program for 
Tropsch process has not | 


announced, but it is understood that th 


existing plants are to be 


supplemented by new ones for a combined 
output of 750,000 tons annually. This 


production, in conjunction 
put of plants operating by 
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oil production is or soon 
neighborhood of 2,600,000 
not long rest at that point 
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will be in the 
tons. It wil 
if the German , 


orders to make Germany's oil autarch i 


complete in 18 months. It 


that nothing now stands in the way of this 
objective. The German consumer is appat- 


ently willing and able to 


and as General Goering has said, “we 


would appear 


pay the price 


have the coal and the know-how”. Ther F 


is enough coal in German 


y to last 50 


years at the present rate of consumption 
and the German technologists have th ( 


details at their finger tips. 


Raw Materials Required to Make a Kilogram Cc: 


of Gasoline 
Process Raw 
Material 
High pressure Bituminous coal 
hydrogenation 
. G. F. Brown coal tar 
Synthetic (Fischer- 
Tropsch) ay coal briquettes 
o e 


Cracking Brown coal tar 


Yields by the I. G. F. j 
tinctly better than by the F 
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1. G.F 
synthetic a ay a en ee aie ; a. , ; : 
oe e latter has certain compensating in the Italian peninsula, the oil deposits 
v - advantages in construction and opera- in the Italian-controlled kingdom of Albania 
pra tion. Also, it fits in well with the important are relatively small, and if there are any 
peg low temperature coal carbonization proc- oil resources in Libia or Ethiopia they 
paesee 38 used in the manufacture of gas and remain to be discovered. The internal 
anger light distillate (benzol) which is directly economic situation is practically the same: 
mee usable as motor fuel, but which also very small gold reserves and a great and 
‘ appar produces much coke that would other- apparently permanent inability to create 
is a =" a drug on the market. large trade balances by exports in order 
Nid, “we _ fo repeat, the German synthetic oil to finance imports. Hence the Italians, 
Ther industry owes its existence primarily to like the Germans, are driven to base 
last 50 the country’s extremely difficult exchange their national economy as widely as 
nat = Even the most optimistic Ger- possible on an autarchic foundation, and 
ae ie nants admit that Germany's autarchy for their petroleum industry 
‘reign trade will never regain its former is considered all the more necessary be- 
‘mportance; German autarchy in oil and cause of the prospects of war and the 
logram ertain other essential commodities is memory of sanctions applied by unfriendly 
aie therefore inevitable and will be permanent. hands in the Ethiopian affair. 
The earnestness with which the Italians 
330 ‘TALIAN AUTARCHY are striving for oil autarchy is apparent 
1% he petroleum situation in Italy is in the measure now in effect to utilize all 
ry much the same as that confronting Ger- possible domestic sources of motor fuel. 
“ many, perhaps even more difficult be- December 31, 1937 has been fixed as a 
; are dis f Cause of a dearth of coal. There isa nearly deadline when all omnibuses and other 
-Tropsch complete lack of natural petroleum deposits public means of transportation of pas- 
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sengers on the roads must be equipped 
with gasogenes which burn charcoal, coke 
or compressed natural gas derived from 
national sources. The Corporation of the 
Sugar Beet has been entrusted with the 
task of putting enough land in sugar 
beets to supply enough alcohol to make 
a 20 
for all gasoline-driven autos and indus- 
trial ethyl 
alcohol and castor oil is prescribed for 


percent alcohol-gasoline mixture 


engines, and a mixture of 
Diesel engines to the full extent of available 
supplies of castor oil. 

However, the sum of all these substi- 
tute fuels still leaves a wide margin in 
which the use of petroleum is indispensable. 
Italian consumption of automotive fuel 
amounts to about 500,000 tons a year. 


Distribution of Italian Consumption 





Gasoline Heavy 
oil Total 
Omnibuses'.. . .. 28,000 2,000 30,000 
Trucks. ..... . 170,000 150,000 320,000 
Touring cars. . . 120,000 120,000 
Motor cycles, side cars, etc 30, 30,000 
Total 500,000 


(1)After December 31, 1937 all omnibuses will operate by gasogene. 


How these requirements are to be met 
is given in the following tabulation of the 
official program laid down for each possible 
source of supply: 

350,000 tons of oil from national sources, 
to include: 

(1) 100,000 tons from the distillation 
and 


of calcareous  asphalts 


bituminous schists; 


(2) 170,000 tons from treatment of 
national lignites; 
(3) 120,000 tons from the Albanian 


oil deposits; 
(4) 106,000 tons of alcohol from ag- 
ricultural products; 
(5) 12,000 tons of gasoline from the 
national oil wells; 
(6) 12,000 tons of gasoline replaced 
by natural gas; 
(7) 85,000 tons of gasoline replaced 
by solid fuels; 
(8) 6,000 tons of crude benzol from 
coal distillation. 
611,000 tons 
It has been decreed that this program 
shall be fulfilled in 1938. According to 
a report presented by Signor Di Vimercate 





to the recent World Petroleum Congress 
in Paris it will be 80 percent fulfilled by 
the end of 1937. Items (4) to (8) in the 
tabulation are provided 
for. Items (2) and (3) are in the way of 
fulfillment by the new factories at Bari 


above already 


and Livorno, which are ready to apply 
catalytic hydrogenation to make gasoline 
and lubricating oils from the asphaltic 
Albanian crudes. These plants are also 
in the way of being equipped to hydro- 
genate lignites in fulfillment of item (2). 
There remains item (1) which is to be 
covered by a new factory erected in the 
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neighborhood of Florence for the dis- 
tillation of bituminous limestones and 
schists, and hydrogenation of the products. 
These oil bearing rocks are found in 
Sicily, Latium and the Abbruzzias, and 
together with the lignites of Ribolla and 
Valdarno are sufficient in volume to form 
the base for an Italian synthetic oil in- 
dustry for many years to come. 

There immediately arises a question as to 
what is to become of the existing large 
Italian oil refining industry, which is 
working on imported crudes. The ex- 
pectation is that when the national needs 
have been satisfied from national sources 
as per program, these refineries will con- 
tinue to import crude oil and make fin- 
ished products for export, or for military 
purposes. 

The three hydrogenation plants here 
referred to are under control of the Azienda 
Nazionale Idrogenazione Combustibili 
(ANIC). 


JAPANESE AUTARCHY 

The oil situation of Japan is a replica 
of that of Germany and Italy: absence 
of nationally controlled petroleum deposits, 
a decidedly difficult position in inter- 
national trade, and a pressing necessity 
for assuring a supply of petroleum products 
for national defense. 

The Japanese oil consumption in 1936 
was about 2,750,000 tons, and as in Ger- 
many, consumption is increasing. In view 
of the existing situation the government 
has called on the Japanese parliament 
to support a plan that is 
well described as gigantic. This plan is 
based on the assumption that in 1943 the 
Japanese oil consumpion will amount 
to about 5,300,000 tons, or practically 
double what it was in 1936. It is expected 
that by that time oil sources of one sort 
or another will be furnishing 1,250,000 tons 
of light and 1,290,000 tons of heavy oils. 


seven-year 


Source of Japanese Supply in 1943 





Motor fuel, Heavy oils, 
tons tons 
Direct liquefaction of coal 600,000 420,000 
Synthetic petroleum... . 390,000 210,000 
Low temperate rbonization . . 40,000 510,000 
Alcohol-gasoline . 400,000 


Refined products of national crudes 90,000 150,000 


This projected 1943 production will 
be about 2,500,000 tons short of the 
estimated for that 
The difference will be made up by treating 
imported crudes in the national refineries 
or by direct importation of finished 
products. 

An essential part of this program must be 
filled by the production of about 1,620,000 
tons of synthetic petroleum by some 
forms of the I. G. F. and Fischer-Tropsch 
methods. Just what process will be used 
has not been given out but it is known 
that Japanese chemists have studied the 


consumption time. 
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matter intensively and have developed 
new and improved catalysts, besides send- 
ing engineers to study German methods. 

As a starter the parliament voted 
10,000,000 yen for building a pilot plant 
that will produce about 30,000 tons of 
synthetic gasoline a year. The Mitsubishi 
concern has under way a project to build 
a hydrogenation plant to begin operations 
in 1938 with a yearly capacity of 35,000 
tons of finished products; it is understood 
that in three years the capacity of this 
plant will be enlarged to 100,000 tons. 

But Japanese hopes of partial if not com- 
plete oil autarchy are mainly pinned on a 
collection of plants to be erected by the 
Manchurian Coal Liquefaction Co., found- 
ed by the South Manchukuo Railway 
with participation by the government and 
a number of large Japanese industrial con- 
cerns. These plants will be located at 
Fushun, 50 kilometers east of Mukden. 
Here is now in process of exploitation what 
is described as the world’s greatest open 
pit coal mine, which in 1936 produced 
8,773,000 tons of bituminous coal at a 
mining cost of less than one yen a ton. 
The coal seams at this mine have a total 
thickness of 125 ft. and the coal is of ex- 
cellent quality for treatment by high 
pressure catalytic hydrogenation. Plans 
for hydrogenation operations at Fushun 
call for an eventual production of 1,500,000 
tons of gasoline a year. 





Further, the coal deposits at Fushun are 
overlain by a deposit of oil shale nearly 599 
ft. thick, with an oil content varying be. 
tween 2 and 10 percent. A plant for dis. 
tilling this shale is already in operation: 
during 1936 its production amounted to 
104,000 tons of petroleum products. 

Coal liquefaction by a form of the I, G 
F. or a similar process is to begin at Fushun 
in 1938 with a plant having an initial cap- 
acity of 20,000 tons of finished products a 
year. Steps are also being taken to produce 
liquefied coal products from Korean coal, 
All these various enterprises are more o; 
less affliated through a national company, 
the Teikoku Nenryo Kogyo Kaisha which 
will have a total capitalization of 650,000, 
QOO0 yen. 

In addition, the production of alcohol 
for motor-fuel purposes is to be stimulated. 


OTHER COUNTRIES 


Among other great nations with few 
indigenous oil resources is France. On the 
surface it would appear that the French, 
who are fairly well supplied by their own 
pipeline and tankers for conveying Iraq 
crude to French refineries, have no need 
to complain that the subsoil of France 
contains little petroleum. But the recent 
shift in the Mediterranean political situ. 
ation has shown that the supply of Iraq 
oil is exposed to risk of interruption under 


certain contingencies. On the other hand 
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lun are | chould the French be cut off from outside 
rly 500] supplies of oil they would be faced with the 
ing be. practical impossibility of setting up a 
for dis- | national synthetic petroleum industry be- 
ration; } cause the country does not possess coal or 
ited to lignite deposits to supply even its ordinary 
needs for industrial fuel, and are obliged to 
ie I. G, import large quantities of coal from Ger- 
Fushun J many and England. 

ial cap. A really important French synthetic oil 
ducts a J industry founded on imported coal is hardly 
produce § to be thought of, because it is just as easy 
in coal. fF to import oil as coal and certainly no more 
nore or § risky. Hence France is irrevocably com- 
mpany, § mitted to oil importation and to a foreign 
4 which [| policy that will under all circumstances 
50,000, F permit oil tankers to reach French ports. 
For these reasons synthetic petroleum 
alcohol | jsalmost but not quite an academic subject 
iulated. [| jp France. There are at present three small 
hydrogenation plants in France, one at 
Bethune, one at Lievin and the third at 
ith few | Courrieres. The latter is the most preten- 
On the § tious of the three, and is being operated by 
French, § the Societe Produites Chimiques Cour- 
eir own 
ng Iraq 
no need 
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nm under 
or hand, 
Growth in Number and Size of 
Combination Units Feature of 


Year’s Construction Activities — 


Increasing Attention Directed to 





Polymerization and Hydrogena- 


tien. 


To meet the constantly growing demand 
for high test fuels and lubricants the refin- 
ing industry, during the past year, has ex- 
panded its capacity and improved its 
facilities. The movement toward combina- 
tion topping and cracking units, which has 

in evidence for the past several years, 
has attained new impetus and recent months 
have witnessed the completion of a number 
of plants of capacities that would have been 
considered astonishing five years ago. 
With the role of polymerization in the 
industry better defined than heretofore the 
number of plants, both of the thermal and 
the catalytic type, is steadily increasing. 
tane fuels have emerged from the 
boratory stage and the commercial demand 
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rieres-Kuhlmann to produce 25,000 tons 
of synthetic petroleum products a year. 
This plant began operation in June 1937 
and works by the Fischer-Tropsch process. 
It receives no government assistance in 
any form except tariff protection; but even 
so the operations are profitable, which is 
an additional demonstration that synthetic 
petroleum is commercially a paying pro- 
position in a market where the public does 
not regard the price as prohibitive. 
Another great nation without indigenous 
petroleum deposits is Great Britain. How- 
ever, the matter of a national synthetic 
petroleum industry is here not a burning 
question, although the British, having 
abundant supplies of coal, could estab- 
lish and maintain one if they so desired. 
The position of Britain as a sea power 
appears at the moment to be paramount 
and there is little fear that the inflow of 
cheap imported petroleum will be inter- 
rupted. Still, the unexpected may always 
happen, so partly as a_ precautionary 
measure, but more especially to combat 


for gasoline of this type promises to bring 
about a steady increase in the number of 
plants supplying it. Hydrogenation has be- 
come a subject of live interest for the oper- 
ating man as well as for those specializing 
in research and a number of hydrogenation 
plants are being established. Solvent ex- 
traction and dewaxing have reached an 
established place in the general refinery 
scheme. 

While the small refinery manages to hold 
its own in supplying local areas there is a 
steady increase in the average capacity of 
refining plants and in the number of estab- 
lishments of extremely large size. There 
seems to be a well-defined trend also toward 
the location of refineries nearer to the 
sources of their crude supply. This is exem- 
plified in the United States by the rapid 
growth in refining capacity in the Gulf 
Coast area of Texas. The same tendency 
is in evidence in other parts of the world, 
the only exceptions being those countries 
in which state policy requires that refining 
for the domestic market be done within 
national borders. 

An illustration of the tendencies above 
referred to is provided by the complete 
modernization scheme which the Humble 
Oil and Refining Company is carrying out 
at Baytown, Texas. It involves two major 
construction programs, each consisting of 


unemployment and to help the lagging 
coal mining industry, the government has 
indirectly subsidized a coal hydrogena- 
tion plant at Billingham. This’ plant 
liquefies coal by the I. G. F. process; it 
has treated 100,000 tons of coal a year, 
producing 112,000 tons of oil. A plant to 
operate by the Robinson-Brinley modi- 
fication of the Fischer-Tropsch process is 
in the course of development in Scotland. 
In addition, the British have a source 
of motor fuel of some importance in numer- 
ous plants engaged in the low temperature 
carbonization of coal. The light distillates 
produced in considerable quantities in this 
operation make an excellent gasoline; 
the residue of coke provides a superior fuel 
for household heating that finds a ready 
market, and there is still talk of general- 
izing the use of this fuel, which is smokeless, 
as a means of mitigating the great London 
fog nuisance. What with this wide market 
for coke and some government: encourage- 
ment certain of the British low temperature 
carbonization enterprises report profits. 


Keeps 


several related projects. The first is a broad, 
comprehensive set-up for the utilization of 
excess light ends and the second, an equally 
large undertaking, is designed for the pro- 
duction of high grade lubricating oils. 

One of the major units of the lubricating 
oil program is a two stage pipe still distilla- 
tion plant with a designed capacity of 
19,000 bbl. daily. This equipment will frac- 
tionate paraffinic crudes into ten streams, 
consisting of light and heavy naphtha, light 
and heavy refined oil, trade gas oil, crack- 
ing stock, paraffin distillate, light and 
heavy motor oil distillates and fuel oil or 
residuum. The unit includes three towers 
designed by Foster Wheeler; a prefraction- 
ator, eight feet in diameter and 45 ft. in 
height, operating at 40 lb. pressure; a huge 
fractionating tower, 13 ft. by 89 ft., oper- 
ating at atmospheric pressure, and a wet 
vacuum fractionating tower 21 ft. in diam- 
eter by 76 ft. in height. Separate heating 
furnaces, designed to operate at coil outlet 
temperatures of 600 and 800 deg. F., are 
provided for the atmospheric and vacuum 
stages respectively. 

The second project in the lubricating oil 
program is a plant, nearing completion, 
designed to deasphalt, dewax and acid treat 
residuals and motor oil distillates in pro- 
pane solution. The plant is designed to 
take care of 4,200 to 4,850 bbl. daily of 
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Current refinery construction in _ pic- 
torial revue, from bottom left to top 
right: Foster Wheeler installation at the 
Aquila refinery, Trieste, Italy; new 
Foster Wheeler unit at the Egyptian 
government’s Suez refinery; Lummus in- 
stallation at Pure Oil Company’s Smith’s 
Bluff, Texas, refinery; and the Toledo, 
Ohio, Lummus plant belonging to the 
same concern. 


raw residuum through the deasphalting 
stage; 3,400 bbl. daily of either raw motor 
oil distillates or deasphalted 
through the dewaxing stage and 2,400 bbl. 
daily of dewaxed stocks through the acid 
treating stage. 

When finally completed, these two units 
—pipe still and propane plant—will bring 


residuals 


about substantially lower refining costs, 
together with greatly improved quality. 

The second major construction program, 
engineered by M. W. Kellogg Company, 
also nearing completion, is designed to 
utilize a much larger portion of excess light 
ends — butanes and propane — produced 
both in Baytown refinery and in the great 
East Texas oilfield. Gathering the refinery 
gases was a relatively simple matter but the 
East Texas field offered greater difficulties. 
It lies some 300 miles to the north of Bay- 
town and in order to bring the butanes and 
propane to the plant a pipeline had to be 
provided. This has been done by the 
Humble Pipe Line Company. The 300 
mi. long, 8 in. line came into being largely 
by converting an existing crude oil pipeline 
to the butane-propane service. However, 
despite the fact that much of the line was 
already in existence a considerable amount 
of new construction was necessary on the 
part of the Humble Pipe Line Company in 
ordér to bring it over into the light-end 
transportation service. Installation of three 
booster pumping stations along the line has 
made available a daily capacity of 20,000 
bbl. Material transported by the line will 


















































be a mixture of butanes and propanes jn; 
blend of natural gasoline, having a Re 
vapor pressure of approximately 60 | 
Unusual, to say the least, is the fact tha 
no storage facilities are required betwee 
East Texas and Baytown; each_booste 
station operates without benefit of eithe 
storage or surge tanks. At Baytow 
one 5,000 bbl. and two 2,500 bbl. spheric: 
tanks have been provided as surge tank 
ahead of the rectification unit. All three; 
these spheres are built for 100 Ib. sal 
working pressure. The entire stream i 
metered through displacement meters a 
both ends of the line, an operation, whi 
has proved accurate within limits of les 
than half of one percent. 

At Baytown, this pipeline stream is n 
tified in a unit constructed in 1936. Propan 
is removed in the first column of the uni 
which is equipped with 45 plates; a secon 
40 plate column takes out all the butan 
fractions and in the third column of 4 
plates the overhead butanes from 
second column are further separated int 
iso and normal butane fractions. This un 
also contains other columns _performin; 
similar operations on light fractions rt 
covered from refinery operations. Stoti 
produced in this equipment will be hand 
further through the thermal polymerizati 
plant. 

At Texas City, Texas, the Pan America 
Refining Company is adding a third com 
bination unit of 20,000 bbl. daily capacit 
to the two similar units already complete 
The installation, which will include cla 
towers, is being made by M. W. Kellog 
Company. At Houston, Texas, Shell Pets 
leum Company is adding to its large plat 
a 16,000 bbl. Dubbs cracking and reformint 
unit under the engineering direction 
Arthur G. McKee and Company. 

Another large combination unit coll 
pleted during the year is the 22,700 bb! 
installation of Atlantic Refining Compal! 
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at Atreco, Texas. It includes a cracking 
unit licensed by Gasoline Products Com- 
pany, a thermal polymerization unit li- 
censed by Polymerization Process Corp- 
oration, two vapor phase treating towers 
licensed by Gray Processes Corporation, 
and a hydrogen sulphide removal plant. The 
plant charges 38 deg. A.P.I. East Texas 
crude and produces straight run depropan- 
ized gasoline, cracked stabilized gasoline, 
light virgin gas oil and gas. The whole 
refinery, except tankage, was constructed 
by M. W. Kellogg Company and includes a 
boiler house, transformer station, cooling 
tower, treating plant, office, laboratory, and 
various auxiliary utility systems. 

Pure Oil Company has doubled its 
facilities at Smith’s Bluff, near Nederland, 
Texas, by the construction of a 15,000 
bbl. combination high pressure selective 
cracking unit to operate alternately on 
Van Zandt, Bosco, East Texas or mixed 
Gulf crudes. This followed the 10,000 bbl. 
tube still capable of making solvent naph- 
thas and special naphthas built in the 
latter part of 1936. Both units have 
been in operation since early 1937 and were 
designed and built by Lummus Company. 
In addition to the above Pure Oil Co. has 
just placed an order with the Lummus 
Co. for a 22,000 bbl. combination high 
pressure selective cracking unit, for their 
Smith’s Bluff plant which is scheduled for 
completion in the summer of 1938 and is to 
handle Van Zandt, Bosco, East Texas and 
mixed Gulf crudes producing a full line of 
solvent naphthas, gasoline, kerosene, furnace 
oils and bunker fuel oils. Including the 
necessary auxiliary equipment such as 
cooling towers, run down tanks and storage 
lacilities, the investment at Smith’s Bluff 
totals approximately $7,000,000 and_ will 
give this refinery a crude capacity of 
approximately 50,000 bbl. per day. 

Other important additions to existing 
large refineries in Texas include the addition 
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Top left to bottom right: 1,200 bbl. 
Dubbs single coil cracking unit at the 
Ancap refinery in Uruguay; Foster 
Wheeler unit at Digboi, India, belonging 
to Assam Oil Company, Ltd.; and two 
pictures illustrative of the large and 
modern type of equipment now being 
erected by Anglo-Iranian Oil Company 
Ltd. at the Abadan refinery—this new 
unit is a complete topping vacuum dis- 
tillation plant capable of handling 
70,000 bbl. per day. 


of fufural solvent extraction plants in- 
stalled by Lummus Company for the Gulf 
Refining Co. at Port Arthur and_ for 
Magnolia Petroleum Company at Beau- 
mont. A plant is being 
added to the great Port Arthur refinery of 
the Gulf Oil Corp. At Port Arthur also 
The Texas Co. is having 16,000 bbl. at- 
mospheric and vacuum crude unit con- 


hydrogenation 


structed by E. B. Badger Company. 

A noteworthy addition to Gulf Coast 
refining facilities is the new refinery under 
construction by Barnsdall Refining Com- 
pany on the ship channel at Corpus 
Christi. It will consist of a Dubbs cracking 
plant capable of handling 5,500 bbl. of 
charging stock per stream day or 5,000 bbl. 
per cycle day. Placedo crude will be used as 
charging stock for these stills. Only two 
products will be turned out, these being 
74-77 octane gasoline and a heavy Bunker 
C fuel oil. The refinery is advantageously 
located for export and it is stated that a 
contract has been closed covering the sale 
to British interests of practically its entire 
gasoline output for the first year of opera- 
tion. Wharves and all necessary equipment 
for loading ships have been installed. In 
addition to gasoline and Bunker C fuel, 
provision is made for the handling of crude 
oil shipments from the terminal located on 
the refinery site. 

Another enterprise located at this rap- 
idly growing Gulf Coast port is the 5,000 
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bbl. combination cracking unit of Corpus 
Christi Refining Company. 

At Corpus Christi also is located the 
4,000 bbl. plant of the Pontiac Refining 
Corporation which is now approaching 
completion. The company is associated with 
Pontiac Pipe Line Company which is con- 
structing extensive storage at the terminal. 

Shamrock Oil and Gas Corporation is 
erecting a Dubbs cracking plant of 2,750 
bbl. daily capacity at Key Station, Texas. 
Other Dubbs plants constructed in Texas 
during the year include a cracking unit of 
2,750 bbl. daily capacity for McMurry Oil 
Company at Tyler, one of 500 bbl. for 
Panhandle Refining Company at Lueders 
and a 1,600 bbl. cracking and reforming 
installation for Talco Asphalt and Refining 
Company at Mt. Pleasant. At Lodi, Texas, 
Phillips Company has con- 
structed a combination natural gasoline and 
thermal polymerization plant. 


Petroleum 


Expansion of the Standard Oil Company 
of Louisiana’s large plant at Baton Rouge 
during the year has included the installation 
of a propane dewaxing plant built by M. W. 
Kellogg Company which will use as charg- 
ing stock 3,500 bbl. daily of phenol treated 
residuum. Alternatively, it will operate on 
two distillate stocks. A low pour test de- 
waxed oil will be produced. A catalytic 
polymerization unit licensed by Universal 
Oil Products to process 7,000,000 cu. ft. of 
refinery gas daily is being built for the 
company by Arthur G. McKee & Co. 

Construction was begun in September at 
Cotton Valley, Louisiana, of a 3,000 bbl. 
daily capacity refinery by Octane Oil and 
Refining Company of Longview, Texas. 
Another Louisiana undertaking is that of 
Chalmette Petroleum Corporation for a 
9,000 bbl. combination cracking unit li- 
censed by Gasoline Products Company. At 
Norco, Louisiana, Shell Petroleum Com- 
pany is installing four large furnaces in 





Top, Foster Wheeler 
unit of S. A. de 
Petroles Jupiter, 
Rouen; below, new 
refinery built by Ipi- 
ranga S. A., Brazil. 


conjunction with its natural gasoline plant. 

A 2,500 bbl. Dubbs cracking unit has 
been installed at Cleveland, Oklahoma, by 
Johnson Oil Refining Company. At Barns- 
dall, Oklahoma, the Barnsdall Refining 
Company has revamped its 2,000 bbl. Cross 
unit and installed vapor phase treating 
towers. In the Fitts field Magnolia Petro- 
leum Company has established a natural 
gasoline plant. Empire Refining is having 
Badger install revisions and additions to 
2,500 bbl. solution rerun unit for additional 
tube operations. 

In New Mexico Continental Oil Com- 
pany has erected a 750 bbl. cracking plant 
at Artesia and Valley Refining Company a 
300 bbl. cracker at Roswell. 

National Refining Company has en- 
larged its plant at Coffeyville, Kansas, by 
adding a 3,200 bbl. Dubbs cracking unit and 
Bay Petroleum Company has installed 
a 2,000 bbl. Dubbs cracking unit at Mc- 
Pherson, Kansas. The latter company also 
has added a 900 bbl. Dubbs cracking unit 
to its plant at Denver, Colorado. 

Continuing its program of yearly en- 
largements, Big West Oil Company at 
Kevin, Montana, has installed a Dubbs 
cracking and reforming unit of 400 bbl. 
daily capacity. Independent Refining Com- 
pany has erected a Dubbs cracking and re- 
forming unit of 1,500 bbl. daily capacity. 
Other Dubbs installations in this territory 
include a cracking unit of 875 bbl. daily 
capacity for Northwest Refining Company 
at Cut Bank, Montana, and a reforming 
unit of 675 bbl. capacity for Arro Oil and 


Refining Company at Lewistown, Montana 

On the Pacific Coast an outstanding 
development of the year was the recep; 
announcement by Richfield Oil Company 
of its intention to erect a new $5,000,099 
refinery on the site of its present plant a 
Watson, California, thereby adding approx. 
imately 25 percent to its refining capacity 
The construction will be in charge g 
C. F. Braun and Company of Alhambr, 
California. The new plant will include ty, 
modern combination topping and cracking 
units, each with a daily capacity of 30,09 


bbl. and, in addition a catalytic polymeriz- 
tion plant with a daily capacity of 6,000,00 
cu. ft. of gas. The refinery will not bk 
completed until late in 1938 and a ful 
description of it will be published later. 

Standard Oil Company of California is 
carrying forward its plans for increased 
production of high test fuels at its Rich 
mond refinery by installing the first hydro 
genation plant on the Pacific Coast. The 
plant is of the high pressure type and wil 
have a capacity of 1,000 bbl. daily. lh 
addition to the hydrogenation unit, : 
rerun still for removing heavy polymers 
from the feed stock and a stabilizer for the 
final product will be included. The com 
pany recently completed a polymerization 
plant at Richmond with a capacity of 7) 
bbl. per day. 

California Standard is having E. 8 
Badger and Sons construct a 1,400 bil 
acetone benzol dewaxing unit at Richmond 
Calif. 

General Petroleum Corp. of California 
a subsidiary. of Socony Vacuum, has jus 
placed an order for a 14,000 bbl. dail; 
capacity viscosity breaker to charge Cal 
fornia reduced crude and to produce lo 
pour gas oil and bunker fuels. This plas! 
will be erected in the Torrance refine 
Los Angeles, and will involve an investmeti 
of approximately $1,500,000.00. It is & 
pected to be completed early in the spriti 
of 1938 and will be designed and built by 
Lummus. 

Union Oil Company is installing at 
Oleum, California, refinery a cracking plant 
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with much auxiliary equipment. The Asso- 
ciated division of Tide Water Associated 
Qil Company is carrying out a $2,000,000 
program of improvement at its Avon, 
California, plant. Included in this are new 
cracking units and a polymerization plant, 
both being constructed by Alco Products, 
Inc. 

The cracking units include a modern 
three-coil cracking plant for optimum 
production of both volatile anti-knock 
gasoline and high grade fuel oil. The plant 
is unique in that provision has been made 
for breaking up a daily charge of 14,500 
bbl. of oil into several fractions so that the 
bulk of fuel oil is produced under conditions 
known to yield a product of excellent 
stability and heating value, while the 
cracked gasoline is manufactured under 
conditions favorable to a large yield of 
motor fuel of high octane rating. 

An outstanding feature of the polymeriza- 
tion plant will be the production of a 
premium grade gasoline of exceptional 
volatility from more than 5,000,000 cu. ft. 
of refinery gas per day. 

Wilshire Oil Company is constructing a 
catalytic polymerization unit for utilization 
of refinery gases at its Norwalk, California, 
plant. The unit, licensed by Universal 
Oil Products, has a capacity of 2,500,000 cu. 
ft. of gas per day with a yield of 5.8 gal. of 
high octane gasoline per thousand feet. 

Ajax Oil and Refining Company has 
installed a 700 bbl. Dubbs cracking unit at 
Clearwater, California. 

A 3,500 bbl. special design vacuum type 
tube rerun unit is being installed at 
Martinez for Shell by the Badger Co. 

Coincidently with its expansion program 
at Smith’s Bluff, Texas, and Cabin Creek, 
West Virginia, Pure Oil Company has been 
engaged in enlarging its refinery at Toledo, 
Ohio and the Heath plant near Newark, 
Ohio. Late in 1936 a combination high 
pressure selective cracking unit of 8,000 
bbl. daily capacity was completed at the 
Toledo plant by Lummus Company for 
making high octane gasoline from Michigan 
crudes and early this year an order was 
placed with the same company for a 
duplicate unit which was put in operation in 
October. Both of these units will produce 
gasoline, kerosene, furnace oil and bunker 
fuel oil from Michigan crude. With new 
additions to the Toledo plant, the daily 
thruput has been increased by 16,000 bbl. 
daily, of Michigan crudes which have a 
lower octane rating than Texas crudes and 
require a greater degree of refining to 
manufacture similar products. The two 
units represent an investment of $4,000,000 
including necessary auxiliary equipment 
such as cooling towers and tanks. 

The Pure Oil Company installation at 
their Heath, Ohio refinery is for a 7,000 
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Foster Wheeler installation 
in Poland of Galicja, S. A. 
Droholycz. 


bbl. per day high pressure cracking unit to 
handle Illinois or Mid-Continent crudes 
producing gasoline and bunker fuels. This 
unit was also designed and built by The 
Lummus Company and started operating 
in the latter part of October of this year. 
This unit represents an investment of 
approximately $1,000,000. 

For Standard Oil Company of Ohio, 
M. W. Kellogg Company recently com- 
pleted at Toledo a combination topping and 
cracking unit with stabilizer, handling 
14,600 bbl. per stream day of Mid- 
Continent or Crystal crudes. The products 
are gasoline of varying octanes and distilla- 
tion ranges, kerosene, virgin fuel oil, 
paraffin distillate and fuel oil. 

Standard Oil of Indiana is adding to its 
huge refinery at Whiting, Indiana, a com- 
bination cracking unit which will handle 
22,000 bbl. daily of Mid-Continent crude 
to produce high octane gasoline, fuel oil, 
and coke, or alternatively to produce other 
specification distillate stocks. 

Sinclair Refining Company has made 
extensive additions to its East Chicago, 
Indiana, refinery and at Lockport, Illinois, 
The Texas Company has installed a 
Dubbs catalytic gas process with a capacity 
of 3,500,000 cu. ft. of gas per day. Dubbs 
cracking and reforming units have been 
installed by Leonard Refineries at St. Louis, 
Michigan, and by McClanahan Refineries 
Inc. at the same place. The National 
Refining Company has installed a Dubbs 
cracking unit of 3,500 bbl. daily capacity 
at Findlay, Ohio. 

Socony-Vacuum is adding to its Buffalo 
facilities, an 8,500 bbl. topping and vacuum 
unit to operate on mixed excise crudes and 
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a 2,000 bbl. pressed distillate rerun unit, 
both designed by Badger. 

Modernization of the plant at Bradford 
Oil Refining Company at Bradford, Penn- 
sylvania, now under way, involves changes 
amounting to complete reconstruction. It 
includes a cracking and reforming unit of a 
daily capacity of 1,000 bbl. under license 
from Petroleum Conversion Corporation. 

Another unit of the refinery is a 600 bbl. 
methyl-ethyl-ketone dewaxing plant li- 
censed by Texaco Development Co. and 
installed by Lummus Company to produce 
low cold test neutrals and bright stocks. All 
grades of lubricating oils will be finished, 
partly by contacting and partly by percola- 
tion. 

E. B. Badger have designed and _ in- 
stalled a 1,500 bbl. acetone benzol dewax- 
ing unit for Quaker State at Bradford. 

Kendall Refining Company of Bradford 
has added to its facilities a deasphalting and 
dewaxing plant installed by M. W. Kellogg 
Company. This unit charges 1,100 bbl. per 
day of cylinder stock from Bradford crude 
or alternatively 1,160 bbl. per day of dis- 
tillate stock from the same crude. It 
produces a zero pour dewaxed oil. The plant 
is licensed under patents of the JUIK 
group, controlled jointly by Standard 
Development Company, Union Oil Com- 
pany, and Standard of Indiana. 

A noteworthy addition to Atlantic Coast 
refining facilities during the year is the 
thermal polymerization plant built by 
M. W. Kellogg Company for Atlantic 
Refining Company at Philadelphia. This is a 
complete polymerization and feed recovery 
plant which handles the gases of the refinery, 
producing approximately 1,750 bbl. per 
stream day of polymerized gasoline of high 
octane number. The plant is licensed by 
Polymerization Process Corporation and 
represents an investment of $2,100,000. At 
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Point Breeze also, the Atlantic Refining 
Company has installed a hydrogen sulphide 
removal plant utilizing the Koppers process. 

Gulf Refining Company has just placed in 
operation at Neville Island, Pennsylvania, 
a Foster Wheeler two stage atmospheric 
and high vacuum crude oil distillation unit 
of 3,300 bbl. daily capacity. It is designed for 
the production of light gasoline, light, 
medium, and heavy naphthas, kerosene, 
gas distillate and cylinder stock. 

At Marcus Hook, Pennsylvania, Sinclair 
Refining Company has installed two cata- 
lytic polymerization furnaces to process 
4,250,000 cu. ft. of gas daily. Also at Marcus 
Hook Congoleum-Nairn Company has 
erected an 8,100 bbl. asphalt furnace and 
Badger has constructed a 2,800 bbl. 
asphalt unit for The Texas Co. Kop- 
pers Company has installed an oil furnace in 
its plant at Pittsburgh. Elk Refining Com- 
pany at Warren, Pennsylvania, has doubled 
the capacity of its Dubbs cracking unit to 
800 bbl. daily. 

For Pure Oil Company, during the first 
half of the year, Alco Products completed 
and put on stream at Cabin Creek, West 
Virginia, a $1,000,000 unit, handling 3,500 
bbl. daily of Pennsylvania crude. The 
output includes a full line of lubricating oils, 
gasoline, kerosene, and bright stock. The 
same unit handles a similar volume of 
Mid-Continent crudes producing gasoline, 
kerosene, and fuel oil. At Falling Rock, 
West Virginia, Elk Refining Company has 
installed a Dubbs cracking unit of 800 bbl. 
daily capacity. 

In spite of the labor troubles that have 
beset the oil industry of Mexico, numerous 
important additions have been made to 
Mexican refining facilities during the year. 
Mexican Eagle (El Aguila) has installed at 
Tampico a Gyro cracking unit of 6,000 
bbl. daily from Pure Oil Company design 
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General view of the Y.P.F. refinery at 

La Plata; on the right, a new suburb of 

comfortable villages for employees and 
workmen. 


and is preparing to add several other units. 
These will include a 30,000 bbl. atmospheric 
topping unit, a Dubbs reforming unit of 
11,000 bbl. daily capacity and a catalytic 
polymerization unit designed by Universal 
Oil Products Company to process 5,000,000 
cu. ft. of refinery gas daily. With these 
additions the daily charging capacity of the 
refinery will be raised to 56,000 bbl. daily. 

Anglo-Mexican Petroleum Company at 
Tampico has installed a Foster-Wheeler 
crude oil distillation furnace of 15,000 bbl. 
daily capacity and the Pierce Oil Company 
has added a similar furnace of 6,000 bbl. 
capacity to its Tampico plant. Petromex, 
the government-backed company, has in- 
stalled a 2,000 bbl. Dubbs cracking unit in 
its refinery at Tampico. 

N. V. de Bataafsche Petroleum Maat- 
schappij at Curacao has installed a 28,000 
two-stage topping unit, designed by Badger 
to operate in conjunction with an existing 
vacuum unit. 

Existence of import duty on 
petroleum products and a nominal tariff on 
crude has led to the establishment of a 
number of refining plants in Brazil during 
the past two years. Several of these are 


a high 


simple distillation plants producing gasoline 
from fuel oil, but the movement toward the 
erection of refineries is now 
assuming greater proportions. During 1936 
a plant was erected at Uruguayanna in 
the extreme portion of the 
country with a daily capacity of 200 bbl. 
while Industrias Reunidas F. Matarazzo 
S. A. has established a small plant at 
Sao Paulo. This year another important 


complete 


southern 





addition to Brazilian refining facilities ha: 
been made by Ipiranga 5. A., Companhia 
Brasileira dé Petroleos (Brazilian Petro. 
leum Company) which has erected a plan 
at Rio Grande, State of Rio Grande do Sy} 
The plant has an initial capacity of 1,099 
bbl. daily and is located conveniently to the 
port with which it is connected by thre 
pipelines for receiving crude and shipping 
products. Besides gasoline the refiner 
produces kerosene, lubricating oils, greases 
and solvents from Peruvian and Ecuadorian 
crudes. 

The international companies selling prod. 
ucts in the Brazilian market have with. 
held plans for refinery construction in viey 
of a possible alteration in tariff regulations 
If the present tariff policy is maintained, 
however, they undoubtedly will find 
necessary to construct plants within the 
country, and it is reported that Jerse, 
Standard interests already have plans for 
Brazilian refinery under consideration. 

Although the ANCAP refinery at Monte. 
video, Uruguay, was completed only las 
year, it has been found necessary, in 
order to meet the increased demand for its 
products, to add a new light oil cracking 
furnace and heat exchange equipment to its 
Dubbs cracking unit which is combined 
with stabilization and clay treating units 
and a gas absorption plant. This installation 
is being made by Foster Wheeler, designers 
of the original plant. 

In Argentina the YPF (Argentine Goyv- 
ernment Oilfields) is adding a cracking and 
polymerization unit, built by Alco Products, 
to its La Plata refinery. From the engineer- 
ing viewpoint, the significance of this 
arrangement is the combination of the 
cracking plant and the polymerization unit 
which effects major economics in design and 
operation by utilizing a common fractionat- 
ing system, gas system and 
treating plant. 

Following the lead of 
countries Venezuela has coupled the grant- 
ing of drilling concessions in the past tw 


recovery 


various other 


years with a provision requiring the con- 
struction of refineries within the country 
As a result of such stipulations, Standard o! 
New Jersey, Socony-Vacuum, and Shell all 
are committed to the erection of refineries 
in Venezuela. In the case of Shell, this wil 
involve doubling the capacity of its existing 
plant to 28,000 bbl. daily by adding a new 
distillation and auxiliary equipment, whil 
the others will build entirely new plants in 
the eastern part of the country. 

Lago Oil & Transport Company is prepa 
ing to add a 9,000 bbl. gas oil cracking unit 
of M. W. 
refinery at Aruba, D. W. I. 

Keeping step with the demand for high 
test fuels, Trinidad Leaseholds, Ltd., has 
obtained a license from Universal Mil 
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Products Company for an iso-octane plant 
of 1,750 bbl. daily capacity at Trinidad, 
p. W. I. The plant is being built by Foster 
Wheeler and is designed for the polymeriza- 
tion and hydrogenation of butane-butylene. 
It is expected that it will be placed in 
operation during the coming year. Another 
addition to be made to the Trinidad Lease- 
holds plant is a specially designed Foster 
Wheeler furnace to be used in connection 
with the gasoline plant. 

Some noteworthy additions have been 
made to the refining facilities of the United 
Kingdom during the year, particularly for 
the production of lubricating and fuel oils 
for which the demand is increasing steadily. 
The extensive program of additions carried 
out by Anglo-Iranian Oil Company at 
Llandarcy, Wales, is the subject of a 
separate article in this issue. 

Construction is well advanced on the new 
plant of Manchester Oil Refinery, Ltd., at 
Trafford Park, Manchester. This plant, de- 
signed by Moore & George, Ltd., will pro- 
duce lubricating oils, gas, and fuel oils. It 
will include a 2,000 bbl. per day vacuum 
distillation unit and Edeleanu solvent re- 
fining and dewaxing equipment. Its output 
of lubricating oils will be between 20,000 
and 25,000 tons yearly. 

The Ellesmere Port refinery of Lobitos 
Oilfields, Ltd., is being extended and 
altered in order to produce a wider range of 
lubricating oils than at present, and it is 
anticipated that the new units will be in 
operation by the end of the year. A new 
flash unit has been added to the Weaste 
refinery of Berry Wiggins & Company, Ltd., 
and other improvements have been installed 
in the Kingsnorth-on-Medway refinery of 
the same company. A detailed account of 
the solvent extraction plant at Shell Haven 
appears in another part of this issue. 

A project that has attracted a great 
amount of attention since it involves a 
monopoly of refining in the Irish Free State 
is that of the Irish National Refineries, Ltd., 
The plant, designed by Foster Wheeler, will 
be located at Dublin and will have a capac- 
ity of 10,000 bbl. daily. Since it is intended 
to supply the demands of the Irish Free 
State market for a wide variety of products, 
it is planned to incorporate a high degree of 
flexibility and to process a variety of differ- 
ent types and grades of crude. Its equip- 
ment will provide for prestabilization, at- 
mospheric and high vacuum distillation, 
cracking and reforming, solvent refining of 
lubricating oils, wax and asphalt manufac- 
turing and gas processing. Besides its out- 
put of light and heavy gasoline, naphtha, 
kerosene, gas oil, diesel oil, lubricating oil, 
fuel oil, wax and asphalt, the plant will 
Produce other special products to meet 
market requirements. Construction work 
was delayed in its early stages by labor 
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Air view of one of the world’s largest 
complete refineries—Standard Oil Com- 
pany of Indiana’s Whiting, 
plant. 


Indiana, 


troubles but it is expected that the refinery 
will be completed and put into operation 
sometime during 1938. 

Having carried through, within the past 
few years, a program of refinery construc- 
tion more than sufficient to meet the needs 
of the domestic market, France has had 
little reason for embarking on new construc- 
tion during the current year, but numerous 
additions to existing plants have been made. 
At the Martigues refinery of Compagnie 
Francaise de Raffinage a combination unit 
of 12,000 bbl. daily capacity is being built 
by M. W. Kellogg Company for handling 
Iraq crude. The plant will include cracking, 
reforming and stabilizing units and will 
produce gasoline, kerosene, gas oil, and fuel 
oil. A 15,000 bbl. Kellogg pipe still is being 
installed at the Gonfreville refinery of the 
same company. At Bec d’Ambes a thermal 
reforming unit and a reformed naphtha 
stabilizing unit are being installed by 
Societe des Raffineries de Petrole de la 
Gironde. A Dubbs cracking unit of 500 bbl. 
capacity has been installed by Societe Lyon- 
naise at Autun, France. Soc de Raffinage 
des Huiles de Petrole is adding to its plant 
at Courchelettes a pipe still of 6,000 bbl. 
daily capacity installed by M. W. Kellogg Co. 

Striking out boldly on its four year pro- 
gram for national self sufficiency, Germany 
has been actively engaged during the year 
in constructing plants for the production of 
oil from coal and lignite. These are des- 
cribed in a separate article. One new refinery 
that holds a place of importance is the 
plant of Mineraloel Baugesellschaft at 
Nordstern, Germany, which has been de- 
signed by Foster Wheeler to incorporate 





several processing units to be operated in 
conjunction with hydrogenation. 

The installation will include two atmos- 
pheric distillation units handling 5,000 bbl. 
daily of hydrogenated products which will 
be fractionated for the production of gaso- 
line and other products and two additional 
atmospheric distillation units of approxi- 
mately 6,000 bbl. daily which will process 
the hydrogenated product for the produc- 
tion of light and heavy gasoline and medium 
and heavy oil. The installation includes 
also a stabilizer and associated equipment 
to stabilize 5,000 bbl. per day of gasoline 
to the required vapor pressure. It is expected 
that the refinery will be placed in operation 
during 1938. 

“‘Nerag’”’ the Gewerkschaft Neur Erdol- 
Raffinerie at Hanover, 
Germany has recently put into operation 
a complete high V.I. lubricating oil re- 
finery designed to produce 900 bbl. per day 
of finished 


Misburg near 


lubricating oil from native 
reduced crude. 

The refinery which was designed by the 
Lummus Company and erected under their 
supervision includes a two stage vacuum 
unit which incorporates their Coubrough 
Process, a furfural extraction 
contact filtration unit, a ketone-benzol 
dewaxing plant, a complete barrelling and 
shipping plant, water system and _ boiler 
plant of capacity to produce 75 tons of 
steam per hour. 

At Hollen, Germany, Dr. C. Otto and 
Company, have installed a Dubbs crack- 
ing unit of 825 bbl. daily capacity. 

Falling off of production in Poland has 
tended to restrict refinery expansion but 
Polmin State Refinery at Drohobycz is 
installing a Foster Wheeler two-stage atmos- 
pheric and high vacuum distillation unit for 
processing crude oil. It will treat 2,500 bbl. 
per day, producing light and heavy gaso- 


plant, a 


11 








lines, kerosenes, gas oils, wax distillate, 
cylinder stock, and asphalt residue. The 
plant is expected to be completed and put in 
operation during the coming year. 

A new refinery has been under construc- 
tion in Dubova, province of Slovakia, which 
is owned by the Czechoslovak government 
and is to process crudes from state-owned 
wells at Gbely, Slovakia. Its construction 
is to be completed some time in 1938. The 
most important innovation during the past 
past year was the construction of the first 
cracking equipment in Czechoslovakia by 
the Apollo Mineraloelreffinerie A. G., of 
Bratislava. This equipment was manufac- 
tured under American patents by Skoda 
Works, of Prague. The company also in- 
stalled a new pipe still at its Bratislava plant. 

In Austria, Nova A. G. has been engaged 
in constructing a new refinery at Schwechat 
to replace its old plant at Drosing. In Hun- 
gary, the Iron and Steel Company of Sel- 
gotarjan has projected a new refinery at 
that place. In Bulgaria Petrol Company 
Ltd., representing foreign oil interests, has 
established a small refinery at Roustahouk 
capable of handling about 24,000 tons yearly. 

Refinery construction activity in Rouma- 
nia during the year has related principally 
to the addition of new units and facilities 
to existing plants. Particular interest has 
been displayed in polymerization and pro- 
duction of iso-octanes. Creditul Minier is 
proposing to establish in its refinery at 
Ploesti an iso-octane unit, using the Univer- 
sal Oil Products process, and also a natural 
gasoline stabilizing unit. Petrol Block like- 
wise is installing at Ploesti a catalytic poly- 
merization and iso-octane plant. Redeventa 
S.A. has projected a polymerization plant 
of 1,200 bbl. daily capacity for propane and 
butane, using either the thermal or catalytic 
process. Its subsidiary, Xenia is adding 
an atmospheric distillation unit of Bohr- 
mann type with a daily capacity of 6,000 
bbl. Steaua Romana is preparing to install 
a Dubbs combination topping and cracking 
unit and Romano-Americana is adding a 
2,000 bbl. reforming unit to its Ploesti- 
Teleajen plant. 

Refinery facilities and progress in the 
Soviet Union form the subject of a separate 
article. Particular attention has been di- 
rected by the Russians to increasing their 
supply of high test aviation fuels which they 
have been importing on an extensive scale. 
With this purpose in view they have obtained 
licenses from Universal Oil Products Com- 
pany for four catalytic polymerization plants 
with a combined capacity of approximately 
10,000 bbl. daily. Two of these are located 
at Ufa, one at Grozny and one at Saratov. 

The Lummus Company is at present 
engaged in building the largest cracking unit 
the Soviets have yet attempted. This is a 
22,000 bbl. daily capacity combination 
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high pressure selective cracking unit de- 
signed to handle a corrosive crude. This 
unit is being erected in the UFA refinery and 
will produce gasoline, kerosene, furnace oil 
and bunker fuels. 

Nowhere else in Europe has there been 
greater activity during the year in expan- 
sion of refining facilities than in Italy, both 
through the elaboration of plants operated 
by the international companies marketing 
products there and through the projection 
of plants intended to work on indigenous 
materials. 

Of the latter the most ambitious single 
undertaking is that of Azienda Nazionale 
Idrogenazione Combustibili (ANIC) at Bari 
which is intended to process crudes from 
Albania in conjunction with a hydrogena- 
tion plant recovering oil from native shale 
and lignite. The refinery, which is being 
designed by Foster Wheeler, will handle 
7,000 bbl. of crude daily. 

At Livorno, Italy, Foster Wheeler is con- 
structing for ANIC a complete gas handling 
plant to process 8,000 bbl. daily of hydro- 
genated and cracked gasoline, stabilizing it 
to the required vapor pressure and also 
stabilizing light gasoline. 

Early this summer at Naples, Italy, the 
Lummus Co. completed a ketone benzol 
dewaxing plant to operate on a variety of 
charging stocks for Raffineria di Napoli 
and Badger constructed a 4,500 bbl. two- 
stage atmospheric and vacuum unit. 

Another interesting undertaking under 
Italian auspices is that of Raffineria di Olii 
Minerali per |’Africa del Nord, Anonymia 
(ROMANA) at Tripoli, Africa. The plant 
will cover an area of more than 400,000 sq. 
meters and will handle 100,000 tons of crude 
annually which may later be increased to 
150,000 tons. A series of five pipelines, 2,500 
meters long, will connect the refinery with 
the shipping docks for receipt of crude and 
shipment of products. While the plant is 
intended to supply local territory, it has a 
strategic value also as is indicated by the 
establishment of a large bunkering station 
in connection with it. 

Civil war in Spain has not interrupted 
progress on the refinery which Bethlehem 
Steel Corporation is constructing for Com- 
pania Espanola de Petroles S. A. (CEPSA) 
in the Canary Islands. This is a complete 
refinery which will include a Dubbs cracking 
unit of 4,100 bbl. daily capacity, a 3,000 
bbl. cracked distillate rerun unit and a 
treating and doctor sweetening plant of the 
same capacity, the last two units designed 
and erected by E. B. Badger and Sons. 

Extensive additions are being made to the 
refinery of Anglo-Egyptian Oilfields, Ltd., 
at Suez, including completion of a new 
high-vacuum asphalt plant, installation of 
a Dubbs cracking unit of 2,300 bbl. daily 
capacity, additional boilers, a salt water cool- 


ing plant and tankage and other equipment 

In the Near East the most Significant 
event of the year has been the completigg | 
of the refinery of Bahrein Petroleum Co, 
Ltd., on Bahrein Island in the Persian Gulf, 
This plant, which will be formally opened 
early in December, originally was designed 
for a daily capacity of 12,500 bbl. daily 
but this was doubled before constructiog 
had advanced very far and the plant a 
completed will process 25,000 bbl. of crude 
per day. Its equipment includes a crude 
still, two Dubbs cracking and reforming 
units, an acid treating plant for cracked 
gasoline, a clay vapor phase treating plant, 
an acid manufacturing plant, lead sulfide 
treating plant, power plant, steel tankage 
of 2,000,000 bbl. capacity, marine loading 
and pipeline facilities. The plant was fully 
described in October WoRLD PETROLEYy 

Outstanding among the refineries of the 
world is the great plant of Anglo-Iraniag 
Oil Company, Ltd., at Abadan, Iran, 
successive additions this plant has beep 
enlarged to a daily crude capacity of 
260,000 bbl. as described in this magazin 
a year ago. Since that time, however, 
number of new additions have been incon 
porated or planned. Among these are 4 
catalytic polymerization plant of Universal 
Oil Products design treating 15,000,000 
cu. ft. of refinery gases per day, an add. 
tional crude topping and reducing unit and 
additional cracking capacity. A hydrogena- 
tion plant for the production of high octane 
aviation gasoline is the latest feature to be 
decided upon. 


For some time the government of Iraq 
has had under consideration the erection of 
a refinery near Kirkuk to supply petroleum! 
products for domestic consumption. Latest 
reports are that this project has been off 
cially approved and that construction of 
the plant will go forward during the com 
ing year. 

An important enterprise completed dur 
ing the year was the construction of the 
stabilization plant of the Iraq Petroleum 
Company, Ltd., at Kirkuk, Iraq. Thisp 
built by Foster Wheeler, Ltd., treats 
Iraq crude for the removal of sulphretted) 
hydrogen and other undesirable elements 

A new entry in the list of countries 
ing a domestic refining industry is Siam 
where the Japanese firm Mitsui Buss 
Kaisha has concluded a contract with @ 
Siamese government for construction of 
refinery at Bangkok with a daily capacity 
of 500 bbl. of crude. The plant is designé 
to meet Japanese naval specifications as 
output and will include a cracking unit 
the production of high octane aviation fuel. 

Construction activities in Japan 
developments in the Japanese refining sit 
ation are discussed in a separate article m 
other pages of this issue. 
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REFINERY TECHNOLOGY Concentrates on 
Production of 100 Octane Motor Fuel 


Demand for High Octane Aviation Fuel 


So Far Exceeds Supply as to Constitute a 


Challenge to Refinery Research. 


to Be Met by Super Fractionation and 


Pyrogenesis of Gases, Polymerization and 


Hydrogenation. 


Ir ts, Pernaprs, interesting to almost 
everyone to learn more about where the new 
100 octane fuels are coming from, how they 
are made, and why they are not prohibitive 
in price. We first turn to chemistry and pay 
our respects for the accomplishments that 
have been made possible by the application 
of chemistry along with some physics. 
Without this work we would have no 100 
octane fuel today at a price which would be 
low enough to make possible the large scale 
use of high octane fuel in cars and planes. 

Aside from present sources of aviation 
gasoline, used with lead, and aromatic 
blends, there appear to be only two other 
commercial sources at the present time: 
(1) technical isooctane and (2) isopropyl 
ether. The only commercial source of iso- 
octane at present is petroleum cracking 
still gases. 

It is not considered necessary to go into 
details at this late date about the manu- 
facture of isooctane on a commercial scale. 
It may be of interest to say a word or two 
about the general scheme. 

First, it is necessary to obtain isobutylene 
and this is most economically done at 
present by fractionating cracking still gases 
to obtain a reasonably pure cut of the 
butylenes, normal and iso. Two isobutylene 
molecules are joined by polymerization to 


We are indebted to Dr. M. B. Cook of Alco 
Products, Inc., and also to Messrs. H. R. Swan- 
son, J. W. Throckmorton and A. W. Hayford of 
Aleo Products, Inec., and Mr. Cary Wagner of 
Pure Oil Co., for the information contained in 
this article and on the following pages of this 
section. 
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form a molecule twice as large, diisobuty- 
ene, and which boils above ordinary tem- 
peratures at atmospheric pressure. Two 
hydrogen atoms are then added to give the 
liquid, isooctane, or more correctly speak- 
ing, 2-2-4 trimethyl pentane, to distinguish 
it from less valuable isomers. 

More important than this simple fact is 
that not all the cracking gases consist of 
this material; the valuable constituent is 
one individual hydrocarbon found therein; 
isobutylene. The constitution of cracking 
still gases from various cracking systems is 
quite well-known and the volume produced 
per day has been fairly well estimated. It is 
not difficult then, since we know the effi- 
ciency of present isooctane producing 
processes, to calculate the total ultimate 
production of isooctane from this source. 
Here again economics enter the picture and 
we can safely say that the future of isooc- 
tane as an aviation fuel is dependent upon 
two factors: (1) what it will cost to produce 
this material (per gallon) and (2) what will 
be the cost of competitive fuels made from 
aromatics or from other materials? And 
when values are established we then come 
down to the important link in the chain— 
the consumer. He has to ascertain how much 
an octane is worth to him insofar as it 
relates to his income from his engines which 
use the fuel. He will sooner or later arrive 
at a true value of each octane—if 100 
octane fuel costs 25 cents per gallon and 
87 octane fuel costs 10 cents per gallon, he 
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Recently completed tropane te. 
covery plant on the Pacific Coast, 


will have to show earnings in proportion 
to his fuel costs. It may well be that he 
cannot show earnings enough to justify the 
high octane fuel. In this case, if isooctane 
cannot be produced at a cost which will 
allow it to be sold at 15-18 cents per gallon, 
its use will be restricted to military or other 
emergency uses where the cost of the prod- 
uct is secondary to its availibility at almost 
any cost. 

It is possible that other chemical con- 
pounds will become available for aviation 
fuel such as would be obtained by joining 
either normal butylene with a molecule of 
another hydrocarbon and_ resulting in 
satisfactory octane value and other char- 
acteristics suited for aviation fuel uses. 
These predictions or assumptions are all 
entirely possible of consummation. 


COST OF AROMATIC PRODUCTION 


Fairly reliable data are now available 
which indicate that aromatic distillate can 
be commercially produced from either crude 
oil or from cracking still gases for as little as 
7-8 cents per gallon. 

The yield of such aromatic distillate 
when produced by thermal polymerization 
of cracking still gases (or from saturated 
gases containing not more than 4 carbon 
atoms per molecule) is roughly 60 percent 
of the yield of polymer blending gasoline 
currently made with an octane value (net 
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of 78-80. It is also fairly well established 
that the three common aromatics, benzol, 
toluol, and xylol account for about 70 
percent of the distillate. 

If we obtain our aromatic distillate as a 
by-product of high temperature cracking of 
gas oil or other charge stock containing 
more than five carbon atoms per molecule, 
a very interesting result is obtained, i.e., 
the aromatic distillate contains 85-90 per- 
cent of the three common aromatics and 
not 70 percent. Since this material neces- 
sarily contains a greatly reduced percentage 
of unsaturates it is entirely possible that this 
material will show up more favorably in 
aviation blends. It also follows that it is 
much easier to separate the three main 
aromatics from this distillate than it is to 
separate them from the 70 percent aromatic 
content distillate. 

The explanation of the difference in 
aromatic content of the two distillates is to 
be found when we study the conditions 
existent in each process—the lower aromatic 
content distillate is produced at 1200 deg.F 
and 250 lbs. pressure whereas the higher 
aromatic distillate is produced at 1350 deg. 
F. and 15 lbs. pressure. The latter conditions 
are more favorable for aromatic formation 
so far as concentration of aromatics is con- 
cerned, but lower yields are obtained. The 
explanation of this is to be found when we 
consider what hydrocarbons are trans- 
formed into aromatics and what is the 
speed of the reaction. We can assume that 
ethylene, when held under pressure at 
elevated temperatures, is prone to form 
liquids other than aromatics. When ethyl- 
ene and lighter gases are quickly and con- 
tinuously removed from the sphere of action 
(allowing propylene, butylene, and butadi- 
ene to react) the heavier unsaturates poly- 
merize rather rapidly to aromatics, with 
other polymer products forming to a lesser 
degree. 


AIR COOLED MOTORS— 
AROMATIC BLENDS 


Air cooled engines depreciate aromatic 
blend fuels more than liquid cooled engines 
do, and this depreciation is no doubt due to 
the high operating temperatures, although 
the design of the engine exerts quite an 
influence on the depreciation of such fuels. 
To prove the point of operating temperature 
and its effect, engines have been artificially 
cooled by external compressed air, and as 
the effectiveness of the cooling increases the 
depreciation of the aromatic blend fuels 
becomes less severe. 

It is believed that previous test work on 
aromatics has not told the whole story 
about aromatics. As an example, very 
little work has been done on pure aromatics 
except in the case of benzol. Most of the 
aromatic blends have contained quite ap- 
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Iso-octane is produced in appreciable quanti- 
ties in this modern California plant. 


preciable percentages of unsaturates and at 
times gums and resinous deposits have 
given trouble. It is felt that most of the 
gum and resin troubles encountered have 
been due to the unsaturates and not to the 
aromatics. In fact, it is not considered 
possible to decompose aromatics in an 
engine to give gum and resins. Another 
point which is still debatable is the question 
of which unsaturates give trouble and 
which do not. About two years ago, one of 
the major oil companies made up an avia- 
tion gasoline, the principal ingredient of 
which was cracked gasoline, which it is 
known contained a high percentage of 
unsaturates. The fuel rated very well in 
comparison with regular aviation gasoline 
containing lead but no unsaturates. The 
cracked fuel was stable in storage and ap- 
peared so promising that the Fuels Com- 
mittee has requested that other manu- 
facturers submit samples of their aviation 
cracked gasolines for tests. This is recom- 
mended so that more than one cracking 
process will be available to supply such 
fuels in case of war or other emergency. The 
engine used for these tests was a JAGUAR 
made in England, and the octane number 
of the fuel was 80 CFR Motor Method. 
This work is recorded in the Transactions 
of the S.A.E. (1936). The JAGUAR motor 
was a twin row, air cooled radial. Other 
cracked gasolines for aviation are now 
being studied. 



































It is our opinion that: 


(1) Fuels rich in aromatics obtained from 
crude oil by distillation (Borneo) 
have been the main aromatic con- 
tent fuels tested. 

Very little full scale engine test 
data on straight run—aromatic ad- 
dition blends have been obtained. 


(2) 


It is¥ further believed that the latter 
work should be studied in detail as it holds 
great promise of success. 


ENGINE TESTS 


It is well known that full scale aviation 
engine tests require large amounts of fuel 
and are expensive. It is, therefore, con- 
sidered better policy to run small samples 
of differing aromatic content fuels in a 
one cylinder high-output test motor. By 
doing this work first it is certain that the 
blends will be evaluated, so far as promise jis 
concerned, but no data on head temperature 
rise and deposition of gum on valves will be 
obtained. It is therefore necessary , to 
follow this work ‘by full scale aviation en- 
gine test work. 

Recent work on a one cylinder high- 
output engine has indicated that most 
remarkable power outputs can be obtained 
from toluol-straight run blends when run in 
an engine properly designed and liquid- 
cooled. As an example, one test was made 
on a one cylinder high-output engine with 
very high supercharge. When run on the 
regular aviation gasoline (straight run with 
lead) the Brake Mean Effective Pressure 
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was 200. When run on the toluol blend, a 
B.M.E.P. of 540 was obtained. This is the 
first work which has been reported which 
indicates the toluol blend to be capable of 
power output greatly in excess of the 
regular aviation fuels. This work further 
indicates that toluol is superior to benzol 
when used in blends. 

The Canadian Research Council is now 
co-operating with the Co-operative Fuel 
Research Committee of the United States in 
exploring the possibilities of aromatic 
blends for aviation work. 

Reports indicate that aromatic blends are 
being used successfully in certain steam 
cooled British aviation engines. This in 
formation appears to check the single 
cylinder engine experiments in that it has 
been found that the operating temperature 
of the engine must be kept down if the 
superiority of the aromatic blends is to be 
attained. 

Considerable confusion appears in the 
minds of different investigators as to the 
value of air cooled versus liquid cooled 
motors. It is our belief that the air cooled 
motors offer no power possibilities superior 
to liquid cooled engines and the power out- 
put per pound weight of the motor is no 


78 


greater. Their only major advantage ap- 
pears to be one of ‘‘faith”—faith based on 
the fact that there are no liquid lines, 
pumps, gaskets, etc., on the cooling system 
to fail in long flights, particularly where 
great distances over water are to be flown. 
In other words, to quote a well-known 
aviation authority: 

“There is less plumbing to get out of 
order in the case of the air cooled job.” 

Another set of test data, obtained in this 
case on an air cooled motor, showed that a 
benzol blend made up to 80 octane and 
run in a full scale engine was definitely 
better than an 80 octane fuel made from 
the same petroleum base stock by adding 
lead. In the case of the 87 octane blend, 
however, the reverse was true. This work 
indicates the possibility of making blends 
from aromatics and straight run gasolines 
which are superior to present aviation 
leaded fuels. In order to make use of this 
superiority, it will no doubt be necessary to 
change engine design and operating tem- 
perature for the higher octane fuels (above 
80 octane). 

The importance of this work cannot be 
overestimated, in our opinion, for it opens 
up a huge possible supply of aviation gaso- 
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line hitherto not available. The main reason 
for this appears to be the enormow 
possibilities of aromatics from petroleum 
not to mention those which are regularly 
obtained from coal. 

It should not be forgotten that the nev 
source of aromatics will produce a resul 
which is all important to the economic 
involved, i.e., if aromatics were obtainabl 
only from coal, as has been the practice i 
the past, and the work contemplated prove 
that aromatics are highly desirable {or 
aviation fuel blends, serious hardship: 
would be placed upon the solvent industy 
and upon all present consumers of aromatics 

With the present successful commercializ 
ation of producing aromatics from pettt 
leum and petroleum gases, as raw material 
there need be no serious disruption of th 
current solvent business. The most i 
portant point to be gained from the preset! 
studies is that of enlarging our aviation !ue 
base. It is well-known that there is a nont 
too great supply of 73-74 base aviatiol 
gasoline, because this material has beet 
selectively separated from selected crude 
oils and from sweet natural gas. As aviation 
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grows there will be a great increase in 
demand for this selected base stock gaso- 
line in order that lead can be used ef- 
fectively. With crude oil demands _in- 
creasing by leaps and bounds for auto- 
mobile gasoline, it is well within the realm 
of possibilities that a shortage of 73 
octane base gasoline fuel will occur even in 
peace times, not to mention what will 
happen in case of a national emergency. 


HYDROGENATION OF 
AROMATIC DISTILLATE 


Work carried on in the past and other 
projects now under way indicate that high 
octane aviation fuel can be made success- 
fully by subjecting the polymer distillate, 
or fractions thereof, to mild conditions of 
hydrogenation, thus forming principally the 
cyclo paraffins. Work of this character is 
being slowed up due to the fact that no 
satisfactory correlation between single cyl- 
binder octane test methods and full scale 
BD multi- ‘cylinder engines is available. High 
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octane fuels will be found more rapidly 
when this important work has been com- 
pleted. It is almost impossible for individual 
companies to see their way clear to produce 
the rather large quantities of each theo- 
retically promising fuel required for full 
scale multicylinder engine tests. 

It is believed that not only hydrocarbon 
compounds containing 8 carbon atoms to 
the molecule but also those containing 9, 10, 
and 11 carbon atoms will be found to be 
excellent aviation fuels. To produce several 
thousand gallons of a compound such as 
tetramethylhexane for example, is an ex- 
pensive and time-consuming experiment. If 
satisfactory small scale test methods and 
equipment were available, the task would be 
rather simple. 


ISOOCTANE PRODUCTION 


Alco Products has been a pioneer in the 
commercial development of isooctane manu- 
facture in connection with the first step of 
and 
separation of what is commonly called the 


the process, i.e., the concentration 





B-B cut. It is known that isooctane is 
produced from isobutylene which in turn is 
obtained from gases and liquids which have 
been emitted from some pyrolysis operation 
carried out on hydrocarbon material. The 
B-B cut obtained in the 
majority of cases from the stabilization of 


cracked distillate and from cracking still 


or fraction is 


gases. Processes that will accomplish satis- 
factorily the results desired must be very 
highly developed in order to recover the 
maximum possible percentage of butylene 
and at the same time to separate clearly the 
propylene-propane cut from the B-B cut. 
Plants to produce such closely fractionated 
fractions have to be so designed that the 
(light) pressure distillate, after the stabiliz- 
ing operation, will show less than 1.5 per- 
weight of the 


cent by butane-butylene 


fraction, and at the same time produce a 


butane-butylene fraction containing not 


more than 2 percent by weight of propane 
and 0.7 percent by weight of pentane. Re- 
covery of the butane-butylene from the 
liquids and gases carrying such material is 


over 90 percent. 
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Very large cracking installations 


‘ are 
required to produce enough | 


- Sn OY Product 
isobutylene in quantities sufficient to make 
the installations of an isooctane plant com. 
mercially feasible. As an example, there 
are required about 100,000 bbl. daily 
charge capacity of cracking in order to 
produce enough B-B cut (butane-butyleng} 
to result in the production of 1000 bbl. per 
day of Technical isooctane by present pro- 
cesses. The figures are based on average 
liquid phase cracking unit conditions and of 
course do not hold true in the case of 
vapor phase cracking installations. In this 
case, the yield of the B-B fraction is much 
higher than from liquid phase cracking 
units. Work now in progress for increasing 
the amount of isobutylene as raw material 
for isooctane manufacture is mostly based 
on dehydrogenation of butane to butylene, 
If successful, this will make available large 
quantities of butylene and will tend to 
broaden the scope of isooctane possibilities, 
The production and separation of propy- 
lene-propane cuts is usually carried out jr 
the same plants as is the separation of 
butylene-butane. This process fits in very 
well since the liquids and gases must lk 
handled under pressure in order to effect 
the desired separation and it costs litth 
more to install towers and auxiliary equip- 
ment to separate the C;’s at the same tim 
Since this scheme is about as economical as 
it can be made, the thought suggests itself 
that if isopropy! ether and isooctane can lx 
produced at the same time, the maximum 
in economy and flexibility is attained. 
Processes are known for the production: 
isopropyl alcohol and isopropyl] ether whic! 
permit the removal of propylene chemicall 
and the lighter olefin, ethylene, is unreacte 
This makes possible the recovery of th 
three principal unsaturates, butylene, pro- 
pylene, and ethylene from refinery dist 
lates and gases in one continuous operatio 
without a recompression of the gases. After 
the propylene extraction, the ethylene ga 
associated with saturates, is usually pur 
enough to permit it to be used for chemica 
conversion to other and more useful prot 
ucts. While ethylene is not at presef 
particularly adapted to conversion 
aviation gasoline it can be made to ser 
another useful purpose for aviation ai 
automotive fuels by converting it to eth 
chloride, ethylene dibromide, ethylene ‘ 
chloride, all of which are used in qui 
large amounts in connection with the pre 
duction of tetraethyl lead. It is also 
practice now to convert ethylene to ethy 
lene glycol to serve as a very good ait 


freeze for radiators in motor cars ane 


. . . . ps re- 
Polymerization is another stage in the oil | 
i . ic resis 
finers’ trend to manufacture 8) nthetic © 
: ki ses. 
and other chemicals from cracking gas? 
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liquid cooled aviation engines. Other in- 
dustries are now finding that ethyl chloride 
and other derivatives of ethylene, propy- 
lene, and butylene make excellent solvents 
and large quantities are being consumed. 
Mention has been made of the possibilities 
of producing synthetic resins. According to 
figures published a short time ago, over 
100,000,000 pounds of acetic anhydride 
were used in 1936 for the manufacture of 
resins and plastics. There has also been 
produced large quantities of acetone from 
unsaturated petroleum gases. 

Most of the foregoing statements as to 
processes of obtaining the three normally 
gaseous unsaturates are predicated on the 
assumption that by-product cracking still 
gases are the raw material. Work during the 
past few years has been carried on toascertain 


the possibilities of obtaining the normally 


gaseous unsaturates as main products and 
not as by-products. As an example, ethy- 
lene is now being produced from saturates 
by pyrolysis of the saturates followed by 
high pressure rectification of all gases pro- 
duced by this operation. As much as 45 
percent by weight of ethylene is now being 
obtained commercially from the pyrolysis of 
propane and butane. Since this process has 
worked out so well attention has been di- 
rected to the production of propylene as the 
principal product of the decomposition of 
saturated gases. By changing the operating 
conditions in the pyrolysis step, it is now 
possible to obtain over 20 percent of propy- 
lene along with ethylene and butylene from 
saturated gases. Considerable interest is now 
focused upon the large scale production of 
ethylene which can be converted to ethyl 
alcohol. With prices of agricutural products 
such as corn, potatoes, and sugar on the rise, 
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Details of two extremely modern units 
in a California refinery. 


ethyl alcohol from petroleum is now on the 
market. In certain countries and even in 
this country, isopropyl alcohol and acetone 
from propylene now offer attractive returns 
on the investment for 
plants. 


necessary such 


OTHER SOURCES OF AVIATION 
BASE GASOLINE 


In anticipation of probable shortage of 
high octane and high lead susceptibility 
straight run gasoline, various investigations 
have been carried out regarding possibilities 
of obtaining such material from naphthas 
from paraffin or mixed base crude oils. It 
is known, as indicated in the many articles 
in the literature today, that most straight 
run gasoline contains some high octane value 
constituents in mixture with low octane 
constituents boiling very close to the high 
octane ones. In order to attain separation 
of these high octane constituents in a high 
state of purity by fractionation, fractionat- 
ing columns containing a very large number 
of bubble trays would be needed and further- 
more, high reflux ratios, and hence high fuel 
consumption, in the columns would be re- 
quired. It has been found, however, that 
concentration of these high octane constitu- 
ents may be effected by columns of practical 
size and by the use of reflux ratios which 
are not impractical. Thus, by practical close- 
fractionation cuts of high octane number 
may be segregated which can then be blended 
together to produce appreciable amounts 
of aviation base stock gasoline suitable for 
leading. 

A survey of crude oils reveals that from 
10-35 percent of 74 octane base stock can be 





















obtained by this procedure. The adoption 
of this process will serve two purposes. It 
increases the total available base stock for 
“leading” to 80 or 87 octane aviation gaso- 
line, and (2) it opens up a source of aviation 
blend stock to individual refiners who are 
not fortunate enough to have a supply of 
such material from special crudes, such as 
Borneo, California, Gulf Coast, Baku 
(U.S.S.R.) or other naphthene stocks. Most 
all refiners could, by installing aromatic 
producing poly plants, obtain the desired 
boiling range aviation gasoline of high 
octane value if base blending stock of 
73-75 octane were available at a competi- 
tive price. Superfractionation will, it is 
believed, serve to increase our aviation 
gasoline supply for some years to come. It is 
to be borne in mind also that such blending 
gasoline is required, as a general rule, in 
isooctane and isopropyl ether blends. 


CHANGING CRACKING 
TECHNIQUE 


Since over half of our motor gasoline now 
from cracking plants (including 
reforming of naphtha units) it is interesting 
to study the trends in the cracking art at 
present. During the past ten years it has 
been the goal of refiners to increase the 
liquid yields from cracking operations and 
decrease the gas production. This was 
logical, due to the increased earnings made 
possible by producing more gasoline. During 
the past two or three years, however, there 
has been a demand for increased octane 
value gasoline 


comes 





which can only be obtained 
by two routes; the one, 
higher temperature cracking and the other, 
by employing more lead. Consequently, 
cracking units have been installed with 
separate reforming coils, light and heavy 
gas oil cracking coils, and with separate 
vis-breaking coils. The primary purpose of 
these changes is to produce a higher octane 
product by increasing the temperature of 
cracking. This phenomenon is_ closely 
associated with gas production, as is 
well-known, consequently more gas is pro- 
duced and the gases liberated carry in- 
creased amounts of unsaturates. Fortu- 


commercially 
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Figure I-3. 


nately polymerization was developed in 
time to take care of the increased gas 
production, and it is now common practice 
not to worry about too much gas formation 
in cracking, within reasonable limits of 
course, for polymerization produces a gaso- 
line with an octane value in excess of any 
and all straight cracking processes. In fact, 
the pendulum is now following the old law 
and is swinging to the opposite direction 
more gas is being formed and more valuable 
gasoline is the result. As a matter of fact, 
the new combination of producing chemical 
intermediates such as ethylene, propylene, 
and butylene, along with aromatics by 
pyrolysis and by polymerization with the 
cracking operations as previously carried 
on in refineries, has resulted in a broadened 
horizon for all refiners; they can now go the 
limit on raising temperatures of cracking 
and not be penalized in earnings. The fore- 
going is predicated on obtaining fuel oil as 
one of the final products in a refinery. This 
combination, along with changing markets 
and the price structure of salable products 
is rapidly changing refiners’ minds as to the 
desirability of changing their cracking 
operations from fuel oil operation to coking 
operations. A very fine article on the sub- 
ject of economics of cracking and running 
to coke, written by Mr. J. B. Aug. Kessler 
and entitled “Balanced Utilization of Oil 
Products Needed,’ appeared in Wor.Lp 
PETROLEUM, August, 1933. The facts set 
forth are actually more applicable to our 
situation today than they were four years 
ago. It appears now that running to coke 
in cracking operations will show more 
profits than running to fuel oil. This is 
indicated in spite of our increased knowledge 
of hydrogenation. 

It is our feeling that the production of 
solids (coke) from liquid petroleum is wrong 
from a broad and nationalistic standpoint, 
since the known resources of solid fuels is 
many times the known deposits of liquids, 
and sooner or later the world will be forced 
to produce liquids from solids. It is there- 
fore rather unfortunate that running to 
coke in refineries appears to be a necessity on 


account of markets and profits. [t ; 
regrettable that hydrogenation cannot be 
simplified, and consequently cheapened, « 
that low hydrogen liquid fuel oils can be cop. 
verted economically to satisfactory interna 
combustion engine fuels. This would length. 
en the life of our oil deposits and woyjj 
result in a national gain. This problem is 
still with us, and it is believed that thoy 
who succeed in solving it will be rewardej 
for their efforts—cheap hydrogenation ; 
almost a national demand and its solutig, 
should be in every technologist’s mini 
until the goal is reached. This is a patriotic 
and national defense duty which is placed 
upon us all. 

The trend of the refining, automotiye 
and aviation industries to higher and higher 
octane fuels has probably left its mark op 
the refinery equipment concerns more thay 
on any other group of manufacturers, |) 
order to develop these new fuels it has beey 
necessary to carry on increasing amounts oi 
research and development work for withoy 
added knowledge of the new conditions ¢ 
operation, safety of the new plants woul 
be jeopardized. 

Manufacture of higher octane fuels has 
called first of all for gas and distillate 
stabilization plants, designed to finer toler. 
ances both as to process and to mechanics 
than have ever been known before. This 
branch of refining is comparatively young 
and as the technique involved has been 
changing at such a rapid pace, one is mor 
likely to see more pronounced changes in 
this part of a refinery than in other branches 
Illustrative of these statements, a few of 
the newer super-fractionator gas plant in- 
stallations are described. It is felt that the 
setting forth of the processes involved wil 
give the reader a clearer picture of the com- 
plicated systems of refining whch are now 
fast becoming a reality. Since isooctane has 
been the most promising child of the 10 
octane family, it may be apropos to start 
with the plants which have been develope! 
lately to extract raw material from refiner 
gases to be used in its production on a cot 
mercial scale. It has been previously state 
that the source of isobutylene, the rar 
material required for isooctane synthesis, 
cracking still gases and untreated crackei 
distillates. Still more interesting is the fat 
that this material occurs in cracked ds 
tillates, in general, only to the extent of ott 
to two mole percent. In other words, th 
material sought is present in extreme 
small quantities. Wet gas from cracking 
stills carries, in the case of liquid phas 
cracking units, about the same percentaft 
of isobutylene. The problem then, for the 
equipment designer and process enginetf 
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is to develop a process which will handl 
such lean material and extract the desir 
fraction efficiently and economically. 
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The most successful scheme for accom- 
plishing the desired results consists of 
four operations: 

4. Pressure Distillate Fractionation. 
H pemropanization. 
4. Debutanization. 

It is usually desirable to separate the 
pressure distillate into light and heavy 
gasoline and the latter to go to some kind 
of treating plant for finishing to suitable 
specifications. Light gasoline is charged to 
depropanizer for removal of propane and 
propylene. 

The gases are contacted with absorber oil 
for the purpose of removing the major 
part of the butane-butylene and heavier 
fractions and recovering this fraction in the 
accumulator of the rich oil fractionator as a 
light gasoline which is pumped to the 
depropanizer. 

The combined light gasoline from the 
foregoing operations is fractionated re- 
moving the propane and lighter fractions as 
waste gas while the bottoms flow to the 
butane-butylene tower. 

The depropanized light gasoline is frac- 
tionated in the butane tower using adequate 
plates and reflux to produce a high degree 
of purity on the butane-butylene overhead 
product. Bottoms are washed with caustic 
soda in a treater tower, if necessary, and are 
usually then ready for blending with the 


| treated heavy gasoline for the production 


of motor gasoline. 

It is realized that the depropanization 
step is capable of rendering more service 
than a simple elimination of light gases, 
ie., propane-propylene can be and _ is 
removed in some of the latest plants as a 
separate product in liquid state, and may 
be used as raw material for such compounds 
as isopropyl alcohol and the corresponding 
ether. If desired, ethylene can be extracted 


| as a separate cut by installing the proper 


fractionating and compression equipment. 
From a design standpoint, it may be of 
interest to indicate the average conditions 
which a plant of the type must meet in 


| order to be considered satisfactory for full 


scale operation. 


A. The heavy pressure distillate product 
must show an ASTM initial boiling point 
averaging not less than the endpoint of 
the light pressure distillate product. 

B. The light pressure distillate product 
must contain less than 1.5 weight percent 
of the butane-butylene fraction. 

C. The liquid butane-butylene product 
shall contain not more than two percent 
by weight of propane and 0.7 percent by 
weight of pentane. The quantity of this 
Product will contain not less than 90 
percent of the available butane and butyl- 
enes in the combined charge to the plant. 


The general process is indicated on the 
flow-diagram Figure I-1. 
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Figure I-4. 


PROPANE-PROPYLENE 
PLANTS 


Alco Products have designed and in- 
stalled gas plants, including absorption and 
stabilization plants of the above type. 
The one plant is more properly designated 
a propane recovery plant since this product 
is the one sought. The plant works in con- 
junction with previously installed pressure 
distillate stabilizing units and absorption 
plants. Referring to flow diagram Figure 
I-2 the process operates as follows: 

The raw pressure distillate passes in 
counter-current heat exchange against tow- 
er bottoms to the flash tower. A rough 
fractionation is made which puts overhead 
practically all the butane and _ lighter 
material. This endpoint is controlled by 
reflux. Bottoms from this operation flow 
through exchangers heated by cracking still 
residuum, through a steam preheater and 
are fed into the primary tower which cuts 
overhead the remainder of the 212 deg. 
F E. P. material which is totally condensed. 

This condensate is pumped into the 
flash tower final condenser to aid in con- 
densing the flash overhead. The mixture of 
primary tower and flash tower overheads 
flows into the flash tower final accumulator 
whence the uncondensed vapors pass to the 
propane absorber and the condensate is 
pumped into the ethane feed condenser 
where it effects condensation of the ab- 
sorption plant product, the mixture flowing 
to the ethane tower feed tank. From this 
tank it is charged to the ethane tower where 
practically all the material lighter than 
propane is removed overhead to the residue 
gas line, or may be returned to the propane 
absorber, if desired. 

Bottoms from the ethane tower flow by 
difference in pressure heads to the propane 
tower where the propane product is frac- 





tionated overhead. The bottom product is 
butane plus 212 deg. F E.P. light gasoline. 

The propane absorber is operated to 

absorb about 65 percent of the inlet 
propane. The primary still is operated to 
strip sufficient light material from the fat 
oil so that the remaining absorbed con- 
stituents may be totally condensed in the 
secondary still condensers. Since total con- 
densation is not obtainable in the primary 
still condensers, the uncondensed vapors 
and the condensate pass to the ethane feed 
tank when it is totally condensible in the 
presence of the light cracked gasoline. 

The process shows the following ad- 

vantages: 

1. When it is desired to add propane 
recovery equipment to absorption and 
stabilization equipment already in use, 
no change in apparatus of existing units is 
(as a rule) required since new duties im- 
pose lower load on the pressure distillate 
fractionating units and loads well within 
the capacity of the absorption plant. 

2. Use of the 212 deg. F. end point gaso- 
line as an aid in condensing the flash over- 
head reduces the vapor or pressure dis- 
tillate tops which must be handled and at 
the same time reduces the propane and 
heavier gasoline to about 10-15 percent of 
that the 
propane recovery plant. 

3. The above reduction of vapors per- 


carried by vapors with no 


mits adequate recovery of the propane and 
heavier material in the existing propane 
absorber without the use of compressors. 

4. Since the above vapors are treated 
by absorption which is largely selective 
in rejecting methane and ethane whereas 
compression includes the total vapor as 
feed to the ethane tower, the tower over- 
head quantity is less and contains less 
propane when comparative fractionation 
is obtained. 

5. The absorption plant product is 
totally undesirable in the presence of the 
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Laying the foundations for a polymerization 
unit in southern Texas. 


light gasoline fraction thus eliminating the 
necessity of compressing the uncondensed 
still vapors which are normally emitted. 


ABSORPTION PLANTS 


Alco Products designed and installed a 
modern plant which includes latest devel- 
opments in absorption and fractionation. 
Referring to the flow diagram Figure I-3, 
the process operates as follows: 

The wet gas enters the base of the ab- 
sorber and flows upwards counter-current 
to the descending absorbent. The rich oil is 
pumped from the base of the absorber 
through the cold exchanger to the primary 
tower. 

The primary tower fractionates the 
absorbed hydrocarbons from the lean oil. 
The overhead passes to the reflux con- 
denser and reflux accumulator whence 
reflux is pumped back to the tower. The net 
overhead flows to the final condenser where 
total condensation is obtained with the aid 
of the 8,500 bbl. per 24 hr. of light gasoline. 
The net bottoms flow through the second- 
ary reboiler, supplying heat to this unit, 
thence to the exchangers and _ coolers. 
Reboil heat is supplied by pumping the 
bottoms through the tube still and return- 
ing them to the tower. 

The secondary tower feed is pumped 
through exchangers and discharged into the 
tower. The total overhead passes to the 
reflux condenser and accumulator whence 
reflux is returned to the tower and the net 
overhead flows to the final condenser. 


The bottoms pass through the reboiler, 
exchangers and cooler to storage. 
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Alco erected a plant in Texas, which is 
quite different from the older type plants 
for this class of work. It will be noted that 
the gas contains 97 percent methane and 
ethane—leaving only three percent of the 
desired materials to be extracted. Over 
25,000,000 cu. ft. of gas are handled in this 
plant at pressures in excess of 750 lbs. 
Operations such as these have made en- 
gineers do a lot of thinking in order to 
make such an operation safe and economic. 

Referring to flow diagram Figure I-4 the 
process works as follows: 

The design of the plant is based on 
receiving the low pressure gas at the base of 
the absorber at 825 lbs. per sq. in. ga. and 
90 deg. F. 

The combined gases from the two sources 
enter an absorber operating at 825 lbs. 
per sq. in. ga. The absorber is designed 
to extract 97 percent of the butane and 100 
percent of the pentanes and _ heavier 
hydrocarbons. Extraction of this high 
percentage of butanes results in the un- 
avoidable absorption of large quantities of 
methane and ethane which present dif- 
ficulties in the recovery of the prescribed 
quantity of liquid butane. 

As the inlet gas to the absorber contains 
over 90 percent methane, it is extremely 
important that, if incorrect design of dis- 
tillation equipment is to be avoided, the 
correct absorption factors for methane at 
elevated pressure be used in the absorption 
calculations. 

As the quantity of methane absorbed is 
greater than the sum total of all other 
hydrocarbons absorbed, the distillation 
process must be carefully selected to vent 
from the rich oil before it reaches the still, 
the maximum amount of methane with the 
minimum amount of butane. The calculated 
quantity and quality of the vented vapors 
are greatly influenced by the methane 
deviation factors used and here again it is 
fortunate that test data on a similar plant 
is available. Venting temperatures and 
pressures have been carefully selected to 
minimize recycles and at the same time 
obtain the required liquid butane recovery. 
Calculations have been made over a wide 
range of temperatures and pressures. Cold 
venting has been selected mainly because, 
as actual vapor pressure of methane in- 
creases very little with temperature in 
comparison with the actual vapor pressure 
of butane, hot venting produces vent gas 
relatively low in methane and high in 
butane. 

The rich oil from the absorber flows to a 
high pressure vent tank which releases gas 
containing over 85 percent methane and 
a small quantity of butane. This gas may be 
used as fuel. 

The vented oil which still contains 40 
percent of the methane absorbed passes to a 








low pressure vent tank which rele, 
gas. This gas contains over 65 Percent 
methane. The butane content, thoy 
relatively low, is high enough to wa 
the return of this gas to a reabsorber. 
Leaving the low pressure vent tank, th 
oil containing a small quantity of methane 
and practically all of the butane ; 
heavier, is pumped through exchangers ag 
preheater into the combined still 
rectifier operating at 80 to 100 lbs. ga. 
gasoline is stripped from the oil by steg 
distillation and passes to the condenser 
gasoline water separator. A small quanti, 
of uncondensed vapors is released at th 
point and returned to the reabsorber, 
The vapor pressure of the product can} 
controlled at lower values with correspop¢ 
ing reduction in still pressure and 
creased uncondensed vapors recycled to the 
reabsorber. The reduction in butane pm 
covery will depend on the feed to the plang 
at the time. 
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A development of recent years has beea} 
the perfecting of stabilizing plants {qj 
handling crude oil before placing it j 
storage, for running to stills. Two 
important points are gained by 
process; the one is conservation of eight 
hydrocarbons, and the other is safety. 
process also allows a producer to 
natural gasoline, recovered in the field wit 
the crude and transport the mixture in on 
pipeline to the refinery. Vapor losses from 
intermediate storage, etc., are reduced tp 
practically nothing. 

The process gives a maximum of flexibility 
to operation and at the same time permits 
independent control of the flashing system 
from the debutanizing system. 

The crude charge is flashed in two flat 
towers operating in parallel. The end poitt 
of the overhead vapor is controlled 
refluxing with a portion of the condensed 
overhead from the primary fractionator 
The remainder of this condensed overheal 
is introduced into the flash vapor afte 
cooling to effect total condensation. Sepe 
rate condensers and accumulator tanls 
serve each flash tower to provide flexibility 
in flash conditions. 

Large accumulators for the flash com 
densate are provided to assist in reducitg 
rapid variations in the composition atl 
charging rate of the debutanizer feed. 

The debutanizer reflux is condensed int 
separate condenser at approximately 12! 
deg. F, and the uncondensed net overheat 
is passed to the final condenser where its 
cooled to 95 deg. F. for complete ot 
densation. This method of condensing th 
reflux separately at a higher temperatlt 
results in an appreciable saving in 
denser surface. 
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@ Modern refining technology is evidenced in 
the distillation plants engineered by Alco 


Products, Inc. Under the extreme conditions 


re 





ap 






inherent in refining processes, Crane valves 


are proving their ability to regulate flow with 
an exactness that is a silent testimony to their 
excellent engineering. 

Wherever “Black Gold”’ flows—whether it is 
in the near-by fields of Texas or California or the 
more remote ones of Russia and Iran—Crane 
has been selected on the basis of quality. In the 
field and pipe lines—in the refineries and 
distillation plants—Crane valves are recognized 


as the final answer to piping problems. 


iCRANE 2 


CRANE CO., 836 SOUTH MICHIGAN AVENUE, CHICAGO, ILLINOIS 
Branches and Sales Offices in One Hundred and Sixty Cities 


Crane Export Corporation 
4730 TWENTY-NINTH ST., LONG ISLAND CITY, NEW YORK, N.Y 


Crane Ltd. (Great Britain) 


45-51, LEMAN ST., LONDON, E.1. © OTHER OFFICES IN ENGLAND, SCOTLAND AND FRANCE 


VALVES, FITTINGS, FABRICATED PIPE, PUMPS, PLUMBING AND HEATING MATERIAL 
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Tue Term petroleum refiner has a very 
definite meaning, at least to those versed 
in the art although in pre-war days he was 
better known as an oil boiler. He manufac- 
tured some chemicals, mostly for his own 
use, such as soaps for grease making. In the 
full sense, the oil boiler did not engage in 
chemical manufacture. The petroleum re- 
finer, however, is now entering the chemical 
producing business. Many are manufactur- 
ing large quantities of sulphuric acid, paints, 
paint thinners, solvents for dry cleaning 
and degreasing of metals, rubber solvents, 
etc. He also produces organic solvents by 
the simpler physical separation processes 
which do not involve the use of synthesis. 

Today, many refiners are interesting them- 
selves in organic synthesis for petroleum 
gases or petroleum of their own production. 
On the other hand, some have already 
decided to dispose of their gaseous by- 
products to manufacturers of organic chem- 
icals. Illustrative of the latter is the plant 
of the Carbide & Carbon Chemicals Corpo- 
ration at Whiting, Indiana, which uses as 
raw material the by-product still gases of 
the Standard of Indiana. Between the 
two lies the question of whether or not the 
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CRACKING GASES 
Above 1300 Deg. F. 


refiner should engage in the actual synthesis 
of organic chemicals. Each individual case, 
of course, has to stand on its own feet 
economically. Such matters as location of 
plants in relation to markets, the extent of 
available research facilities, and patent posi- 
tion are factors of influence. 

To gain a better perspective of the prob- 
lems of today among refiners, it may be 
well to discuss the past and present trends 
from the consumers’ and refiners’ stand- 
points. 

Although the refiner has not been en- 
gaged in the manufacture and sale of 
organic chemicals, he has been a large 
consumer of such products, and he is quite 
familiar with the growth and development 
of some of them. The history of tetraethy] 
lead and of anti-oxidants is familiar to most 
of you. An understanding of the problems 
of the refiner and consumer, taken together 
with the facts relating to some of the 
developments which have already occurred, 
will doubtless indicate the future trends 
in this important field of activity. 

It has been orthodox for the past decade, 
at least, to refer to the thermal decom- 
position of hydrocarbons by the general 


term cracking. Since this is broadly de 
scriptive of the operation under discussion, 
it may be well to continue its use in speak- 
ing of the production of motor fuels such 
as gasoline from heavier oils such as gas 
oil or reduced crude oil. A new and rapidly 
growing branch of cracking now requite 
some descriptive term in order that ® 
can easily distinguish gasoline producto 
operations, by cracking, from the olefir 
aromatic production. We prefer to use the 
term pyrolysis in the latter case. Production 
of olefins by cracking may be regarded & 
a purely by-product and incidental oper 
tion; since gasoline is the main product 
sought. We find that olefins from cracking 
gases are not in sufficient concentration 
merit extensive separating plants for the 
segregation of high purity ethylene, propy 
lene, and butylene. 

It appears more economic to start oll 
with lighter charge stocks, such as propaii 
butane, or light gas oil, and to aim for high 
conversion rates for the final recovery ® 
the olefins mentioned. The step producti 
first is the one of application of heat—lots? 
heat to maintain conversion temperaturt 
far in excess of the ordinary cracking stil 
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operations. By this pyrolysis step, where 
we convert, for example, propane to ethy- 
lene, we use temperatures of 1,250-1,350 
deg. F. and at the same time, lower our 
pressures from several hundred pounds 
down to one atmosphere or lower. By so 
doing, we cut down the time of conversion 
(the space of time the hydrocarbons are 
subjected to these high temperatures) and 
thereby greatly reduce side reactions such 
as polymerization. High yields of olefins are 
produced by this system of operation and 
low yields of liquid products are obtained; 
what liquids are produced are aromatic in 
character and have a higher value than the 
charge material. This operation is almost 
diametrically opposed to the usual cracking 
operation for the production of gasoline 
since the liquid formed as a by-product is 
black fuel oil and its value is always less 
than the charge stock. 

Another step in the pyrolysis operation 
which is all important is the one of quench- 
ing with some liquid or gas—in direct con- 
tact with the pyrolysis products—so that 


instantaneous reduction of temperature is 
a fact. The time of the conversion at 
1300 deg. F. for olefin production is one of 
seconds or split seconds, consequently we 
cannot pass our pyrolysis products through 
coolers where some barrier is existent be- 
tween coolant and the material to be cooled. 
As we increase our conversion temperatures 
to such heights as 1,250-1,350 deg. F., the 
velocity of the pyrolysis is enormously in- 
creased over that at 900-925 deg. F., the 
temperature of conversion of most cracking 
units operated for the production of gaso- 
line from heavier oils. This development 
opens up a whole new line of possibilities 
such as the recovery of propylene and buty- 
lene as by-products. Where ethylene is the 
main product, propylene and butylene are 
excellent charge stocks for polymerization. 

The separation of ethylene is now a per- 
fected industrial process and not merely a 
laboratory curiosity. From this type of 
operation there is obtained about 20 per- 
cent by weight of an aromatic distillate 
containing in excess of 85 percent benzol, 


Striking floodlight picture taken at night of a new 
refinery in England. 


toluol, and xylol. This material is now in de- 
mand as a high solvency naphtha and as a 
source of toluol itself as well as the other 
two aromatics, benzol, and xylol. At present 
market prices, it is estimated that 90 per- 


cent purity ethylene can be made from 


stabilizer overhead (light hydrocarbons) or 
from reduced crude for 1.5 to 2.0 cents per 


pound. The 10 percent impurity is ethane 
which does not interfere with the use of 
ethylene in most chemical processes. The 
yield of ethylene from stabilizer tops is 
about 50 percent and if gas oil is used as 
charge stock the yield is about 28 percent 
by weight. It is to be noted that this type 
of operation produces no gasoline as such 
only gases, aromatic liquids and fuel oil. 
It is therefore not necessary for a chemical 
company to enter the gasoline business in 
order to obtain the unsaturates for chemical 
synthesis—no gasoline has to be sacrificed 
at whatever price it will bring for none is 
made. 

If it is desired to make aromatics the 
main product from a pyrolysis operation, it 
is quite simple to follow the pyrolysis step 
by the Pure Oil process for polymerizing the 
gaseous hydrocarbon to liquid aromatics. 
This is more fully described under “ Broaden- 
ing the Scope of Polymerization” on page 90. 
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EPAN T'S OF THE TYPES 


DESCRIBED IN THIS SEC- 
TION, ARE OPERATING, OR 


ARE UNDER CONSTRUC- 
TION, TODAY, FOR— 


Anglo-American Oil Co., Ltd. 
Anglo-Iranian Oil Co., Ltd. 

Argentine Government Oil Fields 
The Atlantic Refining Co. 

The Burmah Oil Co., Ltd. 

Cia Mexicana de Petroleo, “El Aguila“, S. A. 
Cities Service Co., Inc. 

Continental Oil Co. 

Gulf Refining Co. 

Humble Oil and Refining Co. 

The Imperial Japanese Government 
Imperial Oil Limited 

International Petroleum Co., Ltd. 
Lago Oil and Transport Co., Ltd. 

The Pennzoil Co. 

The Pure Oil Co. 

Shell Chemical Co. 

Shell Oil Co. 

Shell Petroleum Corporation 

Sinclair Refining Co. 

Socony Vacuum Oil Co., Inc. 

Societe de Raffinage des Huiles de Petrole 
Standard Oil Company of California 
Standard Oil Company of New Jersey 
Sun Oil Company 

The Texas Company 

Tide Water Associated Oil Co. 
Trinidad Leaseholds Limited 

Union of Soviet Socialist Republics 


ALCO PRODUCTS 


390 CHURCH STREET. NEW YORK, N. Y. ARTILLERY HOUSE, oe 


LOCOMOTIVE COMPANY 
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Yield 95-100 Octane Motor Fuel. 


BROADENING THE SCOPE 


A Thermal Polymerization Process Is Being Modified to Produce 
Di-Iso Butylene Which, on Further Treatment, Becomes Iso-Octane 


—Aromatics Produced by Polymerization Can Be Hydrogenated to 








Tue RerFtninc industry has been fairly 
well informed during the past two or three 
years as to developments in polymerization. 
Numerous articles have appeared in the 
trade journals and a number of papers have 
been presented before the several technical 
society meetings. To recapitulate, the first 
commercial ploymerization plant was in- 
stalled at the Toledo refinery of the Pure 
Oil Company and operated on refinery gases 
from Gyro cracking stills. This plant was 
installed for the purpose of obtaining high 
octane gasoline to be used as a blending 
agent with the regular straight run and 
cracked gasoline. This plant has been fully 
described by Cooke, Wagner, and Swanson, 
A. P. I., Los Angeles, California, 1935. The 
plant produced an aliphatic type poly gaso- 
line which has an octane rating of 80 (net) 
and a blending value in excess of 100. 
Olefins, paraffins, and naphthenes con- 
stitute the major part of this polymer. It 
will be recalled that plants of this type oper- 
ate at 900-1000 deg. F. and under several 
hundred pounds pressure. These conditions 
are conducive to the formation of alicylic 
hydrocarbons and are not well suited to the 
production of aromatics which require 
higher temperatures and lower pressures. 


One of the first commercial applications 
of polymerization in the United States. 


Both olefins and paraffins in refinery gases 
are converted to liquid polymer of the 
general characteristics described above. 

Other polymerization plants such as those 
of Universal Oil Products employing a 
catalyst, phosphoric acid, have been de- 
scribed and have as their main object, the 
production of aliphatic type liquid gasoline 
polymers. The essential difference between 
the thermal process of the Pure Oil Com- 
pany and the U. O. P. catalytic plants is 
that the catalytic type convert only olefins 
carried by the charged gases to liquids but 
do not convert the saturated or paraffinic 
gases. Both types of plants are operated for 
the production of gasoline blending ma- 
terial but do not aim to produce material 
suitable for the solvent, paint, rubber, or 
general chemical syntheses. 

The thermal system has been employed 
to produce aromatics from normally gaseous 
hydrocarbons, both from natural gas and 
from refinery gases. 

Alco Products have installed several aro- 
matic plants, some of which charge entirely 





of Polymerization 


saturated normally gaseous hydrocarbons, 
propane, and butane, and produce aro- 
matic polymer liquid. 

Alco installed such a plant for in the near 
East to charge liquid propane and butane 
for the production of aromatic liquid. This 
plant has the largest output of aromatics 
from petroleum hydrocarbons of any » 
far built anywhere. It produces over 599 
bbl. per day of aromatics from natural gas 
hydrocarbons. The process is outlined jp 
the flow diagram opposite, which is gelf. 
explanatory. 

Each portion of the complete plant com. 
prising the furnace, reaction coils, tubular 
units, fractionating towers and pumps, has 
a safety factor included which permits the 
plant to operate at varying pressures over 
a wide range. 

Alco is installing a very up to date poly. 
merization unit in California. This unit js 
a fine example of coordination of refinery 
units to give the maximum in gasoline yield 
with a maximum possible octane rating. 

A number of refiners, it is believed, have 
problems almost identical with those being 
solved by the installation of this thermal 
polymerization unit. Practically everyone 
manufacturing gasoline today is equipped 
with pressure distillate stabilization units, 
gasoline recovery plants, either absorption, 
compression, or a combination of the two 
and of course cracking equipment. 

The present installation is designed to use 
as charge stock liquefied fractions of low 
boiling point hydrocarbons obtained by the 
various units mentioned above. These poly- 
mer charge fractions are available from 
the various stocks and are based on the 
quantity in excess of requirements of thes 
materials, normally required for inclusion 
in regular gasoline. A part of this charge to 
the poly unit will originate in a recovery 
stabilization unit which is being installed 
as a part of the large cracking installation. 
The wet gases from the cracking units and 
the raw pressure distillate from the cracking 
stills are the source of this material. The 
charge to the polymer unit will consist 04 
liquefied product containing methane ani 
other hydrocarbons including butane. 

The purified polymer charge gases, which 
are the fresh feed, are condensed with the 
recycle fractions. The composite liquefied 
charge is preheated by heat exchange and 
passes to the pyrolysis coil where saturate! 
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components are partially cracked to unsi 


urates and the mixture brought to poly 
merization conditions. Polymerization pt 
ceeds in the reaction coil, under controlled 
temperature and is terminated at the outlet 
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by quenching. Reaction products pass to the 
fractionating tower system for separation. 

Recycle constituents are recovered in the 
recovery-stabilization unit. The unstable 
polymer distillate is fractionated in a sepa- 
rate tower. The polymer gas oil is sent back 
toa regular cracking unit for further proc- 
essing. 

The polymer distillate produced is stabil- 
ized to ten pounds Reid vapor pressure and 
shows an end point not exceeding 380 deg. F. 

This plant will produce over 600 bbl. of 
polymer gasoline per day with the Reid 
vapor pressure not exceeding 10 lbs. per sq. 
in. and with an octane rating of 80 C. F. R. 
M. (neat). The by-products from this plant 
will be gas with a B. T. U. value in excess 
of 1000 B.T.U.’s per cu. ft. and polymer gas 
oil of 6-9 A.P.I. gravity. 

The polymer distillate will be clay treated 
and will be ready after this treatment for 
blending with refinery gasoline to be 
marketed. 

Alco Products have designed and _in- 
stalled a commercial polymerization plant 
for the production of aromatic distillate 
from still gases at a refinery in Ohio. This 
plant has been designed with the idea of 
varying the operation to produce a number 
of aromatic compounds from varying charg- 
ing stocks. 


It will be noted from the above descrip- 
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Flow chart of plant for producing aromatics from natural gas hydrocarbons. 


tion of the operation that the maximum 
in flexibility has been incorporated into 
this plant. This plant serves as a develop- 
ment unit for further experiments on poly- 
merization work. In the past, most concerns 
have been prone to work with laboratory 
apparatus and at most, with an enlarged 
version of laboratory equipment in order to 
obtain data on new types of operations. 
The construction of a full-sized commercial 
polymerization unit for development pur- 
poses is regarded as a step forward in the 
art. Past experience has indicated that 
equipment many times smaller than a com- 
mercial unit does not give reliable data as 
to certain very important operating charac- 
teristics of such plants. It is also hard to 
rely upon data from very small units for 
the detail design of commercial plants. It 
is unfortunate that more pure physical- 
chemical data are not available in the 
literature so that plant design can be sim- 
plified. The production of aromatics from 
petroleum gases is so new it is quite proba- 
ble that most refiners will have installed 
commercial polymerization units before any 
great amount of basic data becomes avail- 
able for the industry. This phase of poly- 
merization, namely, the production of aro- 


matics from petroleum gases and from 
liquid petroleum, is intimately tied up with 
the present wide-spread interest in the use 
of aromatics for internal combustion engine 
fuel. Here again the industry is hampered 
by a lack of operating data on aromatic 
blends for aviation use. Since it has been 
found recently that engine and operating 
characteristics influence very greatly the 
degree of success which aromatic blends 
may have, it is highly important that not 
only the simple aromatics, benzol, toluol, 
and xylol, be produced in commercial 
quantities, but also to consider that the 
broad, general term, aromatic blends, may 
include certain alkylated compounds formed 
by the addition of an unsaturate (olefin) 
with a saturate or possibly with a six-sided 
ring compound. The installation of the 
Toledo plant was made for these purposes, 
i.e., new hydrocarbon compounds will be 
synthesized by the aid of polymerization 
so that full scale engine tests can be made 
of these materials and their blends. This 
plant will also produce mixtures of aroma- 
tics and compounds which may be desig- 
nated as unsaturates which will be used in 
hydrogenation experiments leading to the 
development of high octane aviation fuels. 
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SIVYER 


The Factors of 
Sivyer Safety 


Competent and diligent laboratory control of ray 
and processed materials, including our molding 
sands. 


Plus 


Experienced control of the most modern Electrig 
Melting and Heat-Treating furnaces, with foundry 
practices developed in one of the oldest electrg 
steel foundries in America. 


Plus 


Continuous inspection, comprising exhaustive 
search for hidden flaws, constantly supported by 
destruction tests. 


Plus 


Modern and precise machining equipment and 
methods. 


Plus 


Simple, rugged designs, engineered for the jobat 
hand by refinery-trained men. 
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STEEL CASTING COMPANY 


Refinery Division, Milwaukee 


“Safety” and “‘Safety-Uniflow” Return Bends and Header Boxes 
Heat-Resisting Alloy Tube Supports 
Carbon and Alloy Steel Special Fittings 
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The experience and diligence of Sivyer that 
produce and maintain Sivyer Safety contribute 
to the safe and economical operation of Alco 


installations described elsewhere in this issue. 





we SIVYER STEEL CASTING COMPANY 
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ECONOMIES in OPERATION 


Result from Integration of Cracking 
and Polymerization Units 


Distillation, Cracking of Gas Oil 


and Cracking of Reduced Crude 


Followed by Polymerization in 


Integrated Units of a Complete 


Refinery Offers a Practical Sys- 


tem Being Adopted by Many Oil 


Companies. 


Eiiusrratinc the pronounced change 
which has taken place in the cracking art 
during the past few years is a modern crack- 
ing and polymerization plant recently de- 
signed by Alco Products. 

The art of producing maximum yields of 
high octane gasoline from various grades of 
crude oil has been extensively explored and 
developed during the past few years. The 
same may be said of the art of producing 
cracked gasoline from both the liquid phase 
and the vapor phase cracking systems. In 
order to achieve the first and major goal, 
two main systems have been developed. 
They consist of: (1) distillation, reforming 
of naphtha, cracking of gas oil and crack- 
ing of reduced crude and (2) distillation, 
cracking of gas oil and cracking of reduced 
crude followed by polymerization of refinery 
gas. The process herein described is repre- 
sentative of the second system. 

Alco Products, Inc., has been one of the 
first to realize the importance of combining 
the polymerization plant with the cracking 
unit, utilizing a common fractionating sys- 
tem, gas recovery system, and treating 
plant. The integration of these units not 
only effects major economies in design, and 
simplified operation, but gives maximum 
yields of finished gasoline with low capital 
investment and minimum operating cost. 

An oil company pioneer in the develop- 
ment of polymerization, after exhaustive 
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Integration of cracking unit and polymerization plant plays a maja} 
part in simplifying design and operation. 


research in the field of catalysts, high and 
low pressure polymerization, selected the 
relatively low pressure thermal polymeriza- 
tion process, using independent pyrolysis 
and reaction coils, as the most desirable 
method regardless of capital investment. 
Several pilot and commercial plants were 
installed which fully substantiate this re- 
search work. Subsequent development by the 
oil company in combination with Alco Prod- 
ucts, Inc. led to several major installations. 

These plants conclusively demonstrate 
that the inclusion of a simplified and effi- 
cient polymerization process, with a very 
low additional capital investment, gives the 
maximum yield of gasoline from any crude 
charging stock regardless of varying operat- 
ing conditions. 

The maximum yield of gasoline obtaina- 
ble from any crude containing a high per- 
centage of asphalt is achieved by the use 
of successive cracking stages to give care- 
fully selected charging and recycle stocks 
having the most advantageous hydrogen- 
carbon ratio. The once-through viscosity 
breaking operation reduces the asphalt to 
low viscosity fuel oil with the production 
of light and heavy gas oil and a minimum 
percentage of cracked gasoline. Each of 
these products are then thermally decom- 
posed under the optimum temperature and 
pressure conditions in the light and heavy 
gas oil cracking coils. 


In order to obtain a maximum octane, 
there is produced a relatively high per. 
centage of gas. A cracking unit not equipped 
with polymerization facilities is at a dis 
advantage in this respect since high octane 
is associated with high gas loss in cracking. 
By charging this gas to a polymerization 
unit a blending stock, very high in octane 
blending quality, is obtained which not 
only brings up the yield of cracked gasoline 
but also makes it possible to raise the 
overall octane value of the finished gasoline. 


OPERATION 


Referring to the attached diagrammatic 
flow chart Figure IV-1 a typical instal 
lation operates as follows: 

The fresh crude is taken from storage 
and pumped serially through circulating 
reflux and gas oil side stream exchangers 0 
the topping stage and circulating and & 
changers of the cracking stage. The pr 
heated charge is then introduced into @ 
settling drum where any salt water is with 
drawn under pressure. The dehydrated cruée 
leaving the settling drum flows through at 
additional exchanger on the cracking unit 
thence through a crude furnace with a 
outlet temperature sufficient to effect the 
desired degree of vaporization, and then in- 
troduced into the flash zone of the crude 
fractionating tower. 

In the crude fractionating tower the 
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ascending vapors are contacted by reflux, 
maintaining equilibrium conditions on each 
bubble tray. The overhead from this tower, 
consisting of gasoline vapors and steam 
flows to a vapor condenser where substan- 
tially complete condensation is effected. 
The condensate flows to a water separator 
where the condensed steam is removed and 
the net yield of straight run gasoline then 
flows to an intermediate gasoline storage 
tank. The endpoint of the overhead gaso- 
line is controlled by pumping a liquid reflux 
through a heat exchanger and cooler, back 
to the top tray of the fractionating tower. 
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Figure IV-1. 


A side stream of kerosene is removed 
from a selected tray in the fractionating 
tower and flows to an independent ex- 
ternal stripping section where the desired 
flash specifications are maintained. The 
kerosene leaving the base of the stripping 
tower flows through a final cooler to 
storage. 

A liquid side stream of gas oil is 
removed directly from the fractionating 
tower and flows, by gravity, through an 
exchanger and through a final cooler to 
storage. 

To give flexibility, a side stream of heavy 


Long and careful research precedes the commercial application of new 
cracking processes. 
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gas oil is removed from the crude frac- 
tionating tower and may be introduced 
into the upper section of heavy oil fraction- 
ating tower of the cracking unit. Bottoms 
from the crude fractionating tower are 
pumped hot through the viscosity breaking 
furnace where the desired degree of viscosity 
breaking is effected under optimum 
temperature and pressure conditions, and 
is then introduced into the visbreaker 
evaporator. The vapors from the visbreaker 
evaporator are introduced into the heavy 
oil fractionator, above the pan. The bottoms 
from the evaporator are introduced into 
a vacuum flash tower where the heavy 
cracking stock is removed and the bot- 
toms then flow through the fuel oil cooler 
to storage. 

Bottoms from the heavy oil fractionating 
tower flow to the upper section of the 
fuel oil flash tower where the fuel oil is 
stripped to final specifications and pumped 
through the fuel oil cooler to storage. Over- 
head leaving the fuel oil flash tower flows 
to a vapor condenser where essentially 
complete condensation is effected and the 
condensate introduced into a distillate 
accumulator where the condensed steam 
is then removed. Oil condensate from the 
accumulator is introduced into the light 
oil fractionating tower as recycle stock. 

Overhead products (gas, gasoline, and 
gas oil), leaving the heavy oil fractionating 
tower are introduced into the light oil 
fractionating tower where the proper sepa- 
ration between overhead gasoline and cycle 
stock is accomplished. The endpoint 
of this material is controlled by reflux 
circulation. A clean, selected gas oil 
cracking stock is withdrawn from the re- 
servoir section of the light oil fractinating 
tower and pumped through the light oil 
preheating coil and then introduced into an 
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One of the most modern 
plants in America recently 
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and vapors is effected. The bottoms 
leaving the evaporator are re-introduced 
into the light oil fractionating tower. The 
overhead leaving the evaporator flows 
through the vapor phase cracking furnace 
where the desired degree of thermal decom- 
position is effected and the entire 
charge is introduced into the base of 
the light oil fractionating tower where sepa- 
ration of fuel is accomplished. The 
bottoms leaving the light oil fractionating 
tower are introduced into the lower 
section of the fuel oil flash tower where the 
refractory fuel may be brought to the desired 
initial boiling point specifications before 
being discharged through the final cooler to 
storage. The overhead vapors from both 
sections of the fuel oil flash tower flow 
through the overhead condenser to. the 
accumulator, as previously described. 

The overhead from the light oil fraction- 
ating tower, consisting of cracked gasoline, 
polymerized gasoline, and noncondensable 
gas, flow to a Gray vapor phase treat- 
ing unit which consists essentially of four 
clay towers. These towers are so mani- 
folded that all four units may be operated 
in parallel, or two towers operated in series 
parallel. Treated vapors leaving the clay 
chambers flow to an after-fractionating 
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vapors may be regulated to endpoint specifi- 
cations by means of reflux control. Con- 
densed polymers from the clay towers 
flow to the fuel oil cooler and to storage. 

The overhead consisting of clay treated 
low endpoint distillate and fixed gas, 
flow through a vapor condenser and thence 
to a combination separator and reflux accu- 
mulator where separation between the 
cracked gas and liquid condensate is 
effected. The gasoline condensate from the 
accumulator tank is pumped through 
the stabilizer exchanger and the preheated 
charge is introduced into the stabilizer 
tower. The bottoms from the stabilizer, 
consisting of stabilized gasoline, are 
discharged through the bottoms exchanger 
and final cooler and introduced into an in- 
termediate gasoline storage tank with the 
straight run gasoline described. 

The overhead leaving the stabilizer 
flows through a vapor condenser to a reflux 
accumulator tank, giving sufficient con- 
densate to provide reflux for the stabilizer 
tower. The gas leaving the reflux accumu- 
lator flows through a vapor condenser 
and is introduced into the suction of 
the second stage gas compressor delivering 
to the absorber. 

The gas from the Gray after fractionator 


















































accumulator passes through a gas scrub- 
ber where hydrogen sulfide is removed by 
caustic solution and thence passes to the 
first stage compressor. After separating any 
liquid in the accumulator the gas may be 
delivered to a gas receiver and from the 
receiver to the suction side of the second 
stage compressor. 

Rich oil from the absorber is charged 
through the heat exchanger to the poly 
fractionator and overhead gases and vapors 
from the fractionator are partially con- 
densed and the condensate used as reflux. 
The vapors then pass through an after 
condenser and the mixture enters the 
poly feed tank. Gases are vented to the 
absorber and the condensate becomes 
the poly feed. Lean gas from the absorber 
is sent to the refinery fuel system. The 
condensate from the polymer feed ex- 
changers, thence through the heating sur- 
face of the polymerization furnace where 
the temperature is regulated to effect 
a mild degree of thermal decomposition 
and raise the products to the desired reac- 








tion temperatures. After leaving the fur- 
nace, the high temperature vapors flow 
through the polymerization plant reaction 
coil and are introduced into the poly- 
merization plant fractionator where the 
proper separation between polymerized gaso- 
Jine and cycle stock is effected. The 
stripped rich oil containing the polymerized 
gasoline leaving the polymerization plant 
fractionator is introduced in the outlet of 
the light oil cracking coil as quench. 

In order to utilize the excess heat from 
the entire cracking operation efficiently a 
side stream of gas oil (quench oil) is 
removed from the accumulator section of 
the light oil fractionating tower and used 
for preheating the fresh crude to the top- 
ping unit, reboiling the stabilizer tower bot- 
toms, preheating the polymerization furnace 
and the remaining excess heat used for 
steam generation to supplement the re- 
finery steam generating system. 

A portion of this cooled quench oil may 
be utilized as lean oil for the absorber 
tower, as intermediate reflux for the light 








oil fractionating tower, and as quench oil 
at the outlet of the heavy oil and light oil 
vapor phase cracking coils. Any excess of 
cold quench oil is introduced “into the 
light oil fractionating tower as intermediate 


reflux. The heavy oil tower is provided 
with a similar independent circulating sys- 
tem, withdrawing oil from the second tray 
and returning the excess to the top tray as 
reflux. 

In order that the finished gasoline may 
meet doctor specifications, the stabilized, 
treated, endpoint cracked and polymerized 
gasoline is blended with the straight 
run gasoline in an intermediate storage 
tank, as previously described, and charged 
to the doctor treating plant. 

A Louisiana oil company operates a refin- 
ery, designed and built by Alco Products, 
which holds considerable interest for the 
modern refiner. Probably nowhere else is 
to be found a plant which is comparable in 
the type of equipment used and the product 
produced from Mid-Continent type of crude 
oil. This plant is a combination Gyro vapor 
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phase cracking system with the Pure Oil 
thermal polymerization process to operate 
on the Gyro gases. 

Referring to the accompanying flow dia- 
gram, Figure IV-2, the operation of the 
installation is substantially as follows: 

The fresh feed, normally East Texas 
crude oil, is taken from storage and pumped 
through heat exchanger and thence to the 
main Gyro fractionating tower above the 
vapor inlet. This feed stock is preheated 
by direct heat interchange with the rising 
vapors and the heavier portions of the feed 
combine with the liquid in the base of the 
tower. This liquid constitutes the fresh 
charge and recycle stock for the Gyro con- 
verter. A centrifugal hot oil pump con- 
tinuously pumps the bottoms from the Gyro 
tower through the viscosity breaker section 
of the converter where the viscosity of the 
feed stock and recycle is lowered by incipi- 
ent cracking which permits a larger per- 
centage of this oil to be vaporized than 
would otherwise be possible. The entire 
charge is then conducted to the evaporator 
where separation between the oil and vapor 
takes place. The residue from the bottom 
of the evaporator, consisting of the heavy 
portions of the viscosity broken reduced 
crude and recycle are discharged by pres- 
sure into a fuel oil stripping tower, operat- 
ing at a pressure lower than that maintained 
in the evaporator. The fuel oil is stripped 
to specifications. Overhead vapors are intro- 
duced into the main fractionating tower 
where the heavy ends are condensed and 
combined with the recycle stock. 

Overhead vapors leaving the evaporator 
pass through the cracking section of the 
converter where thermal decomposition of 
the oil vapors takes place. Hot vapors are 
introduced into an arrestor where their 
temperature is quickly reduced by an injec- 
tion of light distillate. The temperature 
reduction effected, arrests cracking and 
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Figure IV-2. 


reduces the temperature to a level satisfac- 
tory for discharge to the flash tower where 
the heavier ends are removed by condensa- 
tion. The vapors then enter the bubble type 
fractionating tower where the desired sepa- 
ration of the various products is accom- 
plished. The Gyro distillate passes over- 
head from the fractionating tower and 
through vapor condensers to the gas sepa- 
rator where the wet gas is separated from 
the gasoline. 

A sidestream is withdrawn from the frac- 
tionating tower and is used as quenching oil 
to be pumped to the arrestor on the Gyro 
transfer line. The wet gas leaves the sepa- 
rator and is compressed in order to remove 
the gasoline constituents. 


POLY PLANT 


The process in use is known as the high 
pressure low-temperature thermal poly- 
merization process, to distinguish it from 
the low-pressure-high temperature process, 
and is as follows: 

The charge is known as stabilizer over- 
head. This liquid under 500-800 lb. pres- 
sure is charged to the poly plant heater 
where it is heated to 900-1,000 deg. F. 
The heated gases and vapors are then with- 
drawn to a reaction coil, which is air cooled 
and located out of the heating zone. The 
exothermic heat of reaction is so great that 
cooling has to be resorted to in order that 
the polymerization reaction will not pro- 
gress too far and form large amounts of tar 
and coke. At the completion of the polymer- 
ization reaction, the product is quickly 
chilled and conducted to the flash tower. 
Poly gasoline is crudely separated from fuel 
oil and vapors are sent to the main Gyro 
fractionating tower. The polymer gasoline 
is in this way blended with the Gyro gaso- 
line vapors and the mixture of gasolines is 
taken overhead from the tower. 
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Gyro and polymer distillate mixture j 
pumped through heat exchanger and thence 
through a heating coil located in the fy. 
nace. The distillate is held under a pressup 
of 600-1,000 Ib. which keep it in substanti. 
ally liquid phase during its passage through 
the system. The distillate is heated to 500. 
600 deg. F. and flows through a bed of 
Fuller’s earth held in a conventional reg. 
tion chamber. A screen inserted in one end 
of the clay chamber prevents the Fuller's 
earth from being carried out with the dis. 
tillate, and the latter then returns toa 
reheating coil, located in the convection 
section of the heater and is raised in tem- 
perature 25 deg. F. which is sufficient t 
enable the rectification operation possible 
without a reboiler on the tower. 

The gasoline vapors separated in the 
rerun fractionating tower are taken over 
head and the heavy polymer, formed in 
the clay treating operation, is withdraw 
and returned to the Gyro cracking unit for 
cracking into more gasoline. 


PRODUCTS 


The finished gasoline shows an inductio 
period of four hours plus. The gasoline 
produced ranged from 17-22 color and ths 
was obtained when 30,000 bbl. had bees 
passed through a ton of clay. A color of 25+ 
could be obtained by cutting down on the 
yield per ton of clay. 

The octane rating of the finished gasoline 
is practically the same as the same endpoit! 
material cut from the distillate— this meats 
practically no octane depreciation hi 
taken place in the clay treating operation 

In California, Alco Products designed 
and built a two-stage visbreaking unit ¢ 
process 14,500 bbl. per day of heavy Ver 
tura residuum and operate in conjunctiol 
with complete independence of operatio 
between the two units is provided. 

Description of the flow is as follows 
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heavy crude is pumped through heat ex- 
changers to the water flash tower. A new 
pump takes suction from this tower and 
the dehydrated crude discharges through 
new circulating oil exchangers to the ac- 
cumulator. If desired, when operating on 
Ventura residuum, the water flash tower 
may be by-passed and the new charge 
pump take suction from intermediate 
storage. 

A hot charge pump takes suction from 
the accumulator and discharges through the 
once-through visbreaking coil into a sepa- 
rate evaporator. The vapors from this 
tower pass to the fractionator and the 
bottoms to the vacuum flash tower. A 
separate evaporator has been provided for 
this operation so that by suitable tests on 
the fuel oil and vapors, full advantage can 
be taken of the flexibility of this furnace for 
the production of various yields of light 
products. 

In the vacuum flash tower, the bottoms 
are reduced to pitch and then combined 
with the fuel stripper bottoms from the 
cracking unit before entering the residuum 
to charge exchangers. The overhead from 
the vacuum flash tower is condensed and 
returned to the fractionator tower as cycle 
stock. 

The fractionator tower consists of two 
sections, a lower or recycle evaporator 
section, and the upper fractionator section. 
A pan for the accumulation of heavy re- 
cycle stock is placed between these sections. 
The Vapors from the two evaporators are 
fractionated in the upper section, and the 
heavy recycle is condensed. A hot oil pump 
charges this heavy cycle to a recycle furnace 
and the cracked products are returned to 
the lower, or evaporator section. The 
bottoms are flashed in the existing cracking 
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Figure IV-3. 


unit fuel stripper and combined with the 
fuel from the other units. The overhead 


from the fuel stripper is returned to the, 


fractionator of the cracking unit. 

In the upper section of the fractionator, 
light and heavy gas oil streams are removed 
as side streams and the gas and gasoline 
pass overhead. The heavy gas oil is used as 
circulating oil to preheat the charge and is 
returned to the tower as intermediate reflux. 
A portion may be removed from the system 
and cooled if desired. The light gas oil is 
stripped and passed through exchanger and 
cooler to storage. This forms the charge to 
the existing cracking unit. 

Fractionation of the overhead products is 
obtained by the return of reflux to the top 
of the fractionator tower. The final sepa- 
ration between wet gas and raw pressure 
distillate is made at the stabilization unit. 

The operation of the existing cracking 
unit is generally similar to its former oper- 
ation, except that piping changes were 
made to incorporate light oil fluxing and 
eliminate former difficulties with coking, 
experienced when operating on a light gas 
oil charging stock. Removable trays were 
installed in the evaporator to insure a clean 
charging stock to the furnace. This unit is 
operated at low cycle ratios and for a light 
fuel oil for blending to produce a combined 
fuel oil of the proper viscosity specifications. 

High recovery of butane and heavier 
fractions in the wet gas from the visbreak- 
ing operation is effected by absorption. 
A high pressure absorber will be included 
to treat the wet gas from the cracking unit. 

In addition to the wet gases, the charge 
to the new stabilization unit will consist of 
raw pressure distillate produced by the 


visbreaking unit plus stable pressure dis- 
tillate. A heavy stable gasoline is made as 
a bottom product from the primary frac- 
tionator and represents approximately 65 
percent of the total stabilized gasoline. 
Butane and heavier constituents made as a 
bottom product from the secondary frac- 
tionator, form the light stable gasoline and 
represent approximately 35 percent of the 
total. The raw pressure distillate from the 
cracking unit will be processed in existing 
stabilizing equipment. 

Another unit designed to operate under 
Gasoline Products license incorporates all of 
the latest features of high and low pres- 
sure tower operation for the greatest 
economy in fuel consumption, yields and 
time on stream. 

Referring to diagrammatic flow sheet 
Figure IV-3, the hot crude is 
charged directly into the heavy oil frac- 


reduced 


tionator tower which will operate at reduced 
pressure. Ample heat has been provided in 
this tower to distill light gas oil overhead 
and preheat the incoming reduced crude. 
Normally the cold gas oil cracking stock is 
charged directly to the flash distillate ac- 
cumulator, from which it enters the high 
pressure fractionator tower. The heavy 
charge accumulates in a pan together with 
the recycle stock and is charged through 
the heavy oil cracking coil into the base of 
the heavy oil tower. The heavy oil coil will 
be operated under mild conditions at a low 
crack per pass for the maximum production 
of light gas oil. The low pressure operation 
in this tower permits reduction of the fuel 
oil to the minimum. 

The complete installation has been de- 
signed to process 1,500 bbl. per day of Mid- 
Continent crude and 2,000 bbl. per day of 
blended Pennsylvania crude. 
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DISTILLATION PROGRESSES from 


Fractionation to Super-Fractionation 


Super-Fractionation of Straight 
Run Gasoline Will Make 87 0O.N. 
Motor Fuel Available from Great 
Variety of Low Gasoline Content 


Crudes. 


Tue oil industry has a widespread interest 
in the production of new products from 
petroleum—high octane gasolines, solvents, 
chemicals, etc., and almost every new en- 
deavor of the refiner is accompanied by the 
main problem—superfractionation. He must 
either make closer separations between hy- 
drocarbon groups, or he must use this tool 
to increase the yield of the desirable prod- 
ucts already being manufactured. 

Alco Products has installed units which 
are prototypes of more to follow in the field 
of superfractionation. Illustrative of one 
branch of the new and improved art is the 
plant of which the flow diagram is shown 
in Figure V-1. 


ISOPENTANE 


With the increase in octane of aviation 
fuels, there has come about an ever increas- 


RESIDUE 


CONDENSER 


INAL 
ACCUMULATORS 


LIGHT DISTILLATE PRODUCT 


—= 


STABILIZED PRESSURE DISTILLATE 


= 


102 


= 


ing demand for its components among which 
is isopentane. With an octane value of 94 
(C.F.R.M.) and with its physical charac- 
teristic of boiling point, this material is very 
much in demand. 

One of the chief sources is natural gas 
but any other gas or liquid carrying it in 
appreciable quantities can be used as a 
source. 

The flow diagram Figure V-1 indicates 
the flow through a plant designed by Alco 
Products for this purpose. 

The charge is pumped through the feed 
heat exchangers and discharged into the 
fractionator tower. The gross overhead 
passes through the reflux condenser where 
the reflux is liquefied by partial condensa- 
tion and the net overhead flows to the final 
condenser. Since a high reflux ratio is re- 
quired for the proper fractionation, the 
reflux is condensed at a comparatively high 
temperature and only the isopentane prod- 
uct requires cooling to nearly water tem- 
perature. This procedure effects a large sav- 
ing in condenser surface. 

The feed and reflux are maintained at con- 
stant rates of flow by controller-recorders; 
the end boiling point is controlled by a 
temperature controller-recorder. This in- 
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strument resets the reboiler temperature 
controller to satisfy the fixed top tem. 
perature. 

Since the iso-pentane product is totally 
condensible, a pressure controller actuated 
by the vapor pressure in the final accumy. 
lator would give erratic operation, therefore 
the pressure of the unit is controlled by 
regulating the flow of water from the final 
condenser. 

The level in the reflux accumulator js 
controlled by bypassing a small portion of 
the vapors around the reflux condenser, 
This permits full flow of water through the 
condensers, preventing the tendency to scal- 
ing which is probable when the accumulator 
level is controlled by reducing the water 
flow through the condenser. 


RERUN UNITS 


Another important member of the super- 
fraction family is the rerun plant (for sol- 
vent production). These plants have for their 
object, the separation of narrow boiling 
range from distillates of wide boiling range, 

Alco Products designed and built a soly- 
ent rerun plant for the separation of solvents 
with boiling ranges no wider than 60-70 
deg. F., from initial to final boiling points. 
The flow diagram Figure \V-2 indicates the 
flow through the plant. 
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PENTANE 
FRACTIONATING 
TOWER 


REBOILER 


CHARGE 


EXCHANGER 


The tower is capable of operating at 
pressures up to 25 Ib. gauge and has been 
designed for the continuous removal of 
overhead light gasoline, one side stream of 
solvent naphtha and heavy naphtha bot- 
toms. A reboiler located at the base of the 
tower, in combination with the steam pre- 
heater, supplies the desired amount of re- 
boiling to maintain the required reflux ratio 
for separation of any of the solvents. 

The ascending: vapors pass upwards 
through the fractionating trays and are 
contacted and partially condensed by the 
down-flowing reflux, maintaining equili- 
brium conditions at each bubble tray. The 
overhead from the fractionating tower, con- 
sisting of light gasoline vapors, flows to a 
vapor condenser and the entire condensate 
is collected in a distillate accumulator. A 
part of the condensate will be pumped over 
the top tray of the fractionating tower in 
order to maintain the desired end-point on 
the overhead product. 

A side stream of solvent naphtha is re- 
moved from a selected tray in the frac- 
tionating tower and flows to an independ- 
ent external stripping section, fitted with a 
closed steam reboiler, where the solvent 
naphtha is regulated to the desired initial 
boiling point specifications. From the re- 
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boiler the solvent naphtha flows by gravity 
through a final cooler; thence through the 
control house to the run-down tank or to 
storage. 

The heavy naphtha is pumped from the 
reboiler at the base of the tower and after 
flowing through a final cooler is discharged 
into a section of the overhead accumulator, 
where the net yield of overhead and the 
heavy naphtha bottoms are blended as a 
single stream. The blended gasoline flows 
by gravity through the final cooler and 
thence to storage. 

The side stream is regulated from the 
control room by means of a micrometer 
control valve, which maintains a uniform 
temperature in the main fractionating tower 
at the point of side stream removal. 

The general plan arrangement of the 
entire installation requires a battery limit 
approximately 45 ft. in width by 35 ft. in 
depth. 


DESIGN 


The plant design has been based on the 
most severe operating condition, which con- 
A” in a sufficient 


“a 


sists of processing charge 


1SO - PENTANE 


R 
cOOLe NORMAL _PENTANE PLUS 


quantity to recover 3,400 1.G.D. of Solvent 
No. 3. In order to segregate this product, 
having a 25 deg. C. boiling point range, from 
the heavier charge, the fractionating tower, 
reboilers and condensers have been designed 
for a 4 : 1 cold reflux ratio. 

In order to operate at minimum tem- 
perature and pressure conditions and, at the 
same time, effect complete condensation, 
the heavy naphtha bottoms have been com- 
bined with the light naphtha condensate 
before flowing through the after cooler to 
final storage. Although the combining of 
these products will effect complete con- 
densation of the overhead at lower pressure 
than would otherwise be possible, complete 
condensation can only be effected, when 
recovering certain solvents, by operating at 
pressures in excess of atmospheric condi- 
tions. In view of the nature of the charging 
stocks and the quality and quantity of the 
various solvents desired, we have designed 
the plant to operate at pressures up to 25 lb. 
gauge, permitting complete condensation 
for any operating conditions. 

Due to the and 
temperatures at which the various prod- 


variable quantities 


ucts are recovered, it was necessary to 
design each exchanger for extreme operat- 


ing conditions, causing a relatively high 
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capital investment. By the utilization 

of exhaust steam in the steam heater the 

fresh charge may be preheated to approxi- 

mately the same temperature, representing a 

relatively small surface as compared with the 

installation of exchangers for each product. 

The fractionating tower has been designed 
with Alco stream-line bubble trays. This 
type of bubble tray permits the removal of 

a side stream at any tray inlet seal and has 

the following advantages: 

(1) Elimination of packed joints and leak- 
age between trays. 

Accessibility by ready removal of all 

caps and troughs, eliminating a large 

number of external manholes. 

(3) Uniform patch of liquid flow with 
minimum frictional reistance, giving 
practically a uniform hydraulic head 
for the entire tray. 

(4) Long distribution and overflow weirs, 
giving minimum change in static head 
for varying operating conditions. 


(2 


— 


The use of multiple manifolding at the 
point of introduction of the charge to the 
fractionating tower, and removal of the 
side stream from a selected tray, permits of 
varying the number of trays in each section 
of the tower in accordance with the desired 
degree of fractionation and specifications of 
the particular solvent desired. 


PRIMARY 
DISTILLATION 


As stated elsewhere in this article, the 
refining industry has widely adopted mod- 
ern pipestill-fractionating distillation units 
and has discarded the old shell type stills 
due to their inefficiency. Continuous re- 
search and development have steadily im- 
proved the efficiency and ease of operation 
of these new plants which handle as much 
as 90,000 bbl. of crude oil per day. Here we 
have had an increase in daily capacity per 
unit from 1,000 to 3,000 bbl. per day to 
90,000 bbl. not to mention the increased 
efficiency of operation. One of the latest 
designs is illustrated by a 7,500 bbl. atmos- 
pheric distillation unit. 

See flow diagram Figure V-3. 

The fresh crude charge is pumped serially 
through the heat exchangers located on the 
circulating reflux and gas oil streams and 
part of the heat exchangers on the inter- 
mediate reflux stream and is introduced 
into a salt settler held under sufficient 
pressure to prevent the vaporization of 
water. 

The crude flows from the settler through 
the remaining intermediate reflux heat ex- 
changers, bottoms heat exchangers, and 
through the convection and radiant sections 
of the furnace. The charge flows in four 
parallel streams through the economizer 
section of the convection bank, thence in 
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two parallel streams to the roof of the 
combustion chamber. The entire charge is 
then introduced into the flash zone of the 
fractionating tower at the temperature re- 
quired to effect the desired degree of 
vaporization. 

The overhead leaving the top of the 
fractionating tower, consisting of gasoline 
vapors and process steam, flows to an over- 
head condenser and cooler, thence to a 
water separator where the condensed steam 
is removed. The net yield of gasoline dis- 
tillate flows by gravity to storage. 

Liquid side streams are removed from 
selected trays in the main fractionating 
tower and flow to individual external strip- 
ping sections where each product is brought 
to the desired initial boiling point specifi- 
cations. From the stripping sections the first, 
third, and fourth side streams flow through 
independent final coolers to storage. The 
second side stream flows through a heat 
exchanger and final cooler to storage. The 
unvaporized liquid from the base of the 
tower is pumped to existing No. 4 unit 
vacuum stage or through heat exchangers 
and final coolers to storage. 

The endpoint of the overhead gasoline 
is regulated by recirculating liquid from the 
collecting pan of the fractionating tower 
through the crude heat exchanger and the 
final cooler to the top tray of the fractionat- 
ing tower, utilizing liquid to liquid heat 
exchange. The quantity recirculated is con- 
trolled by tower top temperature. 

An intermediate reflux stream is with- 
drawn from the fractionating tower four 
trays below the point of gas oil removal and 
pumped through heat exchangers on the 
crude charge. The cooled reflux is re- 
introduced in the tower two trays below 
the gas oil removal tray. This intermediate 
reflux stream is maintained at a constant 
rate of flow by means of a flow controller. 


PROCESS DESIGN 


For this design the basic principle of 
single flash distillation, utilizing top and 
intermediate circulating reflux has been 
followed. 

The use of intermediate reflux permits a 
reduction of the heat load at the top of the 
fractionating tower, and gives a high final 
preheat temperature when the unit is being 
operated for a low percentage of residue. 
The heat which would otherwise represent 
excess reflux in the fractionating tower is 
thus utilized to reduce the fuel consumption 
of the plant, and less furnace surface may 
be installed because of a reduced furnace 
duty. 

The location of heat exchange equipment 
has been chosen to give the desired preheat 
with maximum operating stability. The 
high proportion of heat removed from the 
top and intermediate reflux insures uniform 


preheat when withdrawing various per. 
centages of overhead, side stream, and bot. 
toms products. 

The furnace is of Alco bare tube design 
consisting essentially of radiant and a. 
vection sections located in a single setting, 
A single row of radiant tubes has been Used 
on the floor, side walls and roof of the com. 
bustion chamber, giving uniform tube wal 
temperatures at all sections of each tube. 
and permitting a closer approach between 
oil and tube wall temperature than would 
otherwise be possible. 

The oil flow through the heating surfac. 
has been designed with four tubes in paralle 
through the low temperature convection 
section, and two tubes in parallel through 
the radiant section. Positive distribution 
of the crude quantities to each pass may be 
regulated at the tube still inlet, insuring 
uniform conditions throughout the entire 
heating surface. The radiant surface js 
symmetrical with respect to the combustion 
chamber with uniform firing and even hea 
distribution. 

Radiant roof tubes of larger cross section 
than the floor and wall tubes have beep 
provided to permit the maximum vaporiza- 
tion within the furnace, resulting in the 
minimum furnace outlet temperature. 

The atmospheric tower has been designed 
with 36 trays above the inlet in order to 
insure a high degree of fractionation. Diam- 
eter and spacing of trays in the atmospheric 
tower has been maintained uniform through- 
out. Twelve fractionating trays have been 
supplied between the tower inlet and the 
point of wax distillate removal in order to 
maintain pressability. Fractionating trays 
are of Alco streamline design, modified to 
give a bolted type tray support on tower 
shell. 

The utilization of external stripping sec- 
tion and multi-drawoff connections from 
selected trays in the fractionating tower 
permits of varying the number of trays be 
tween streams, giving a high degree oi 
flexibility for charging various crudes and 
regulating the characteristics of each prod 
uct according to market conditions. 

The method of side stream control i 
accomplished by means of a micrometer 
type air actuated regulator on the contr 
board, which is adjusted to maintain a cot- 
stant tower temperature at the point d 
side stream removal from the fractionating 
tower. This regulator permits minute at 
justment of the rate of flow and the operator 
may maintain uniform conditions through 
the entire fractionating zone. 

Alco Products designed and built another 
most interesting crude oil distillation ust 
to operate with the minimum of expen% 
See Figure V-4. 

The unit charges 16,000 bbl. of crude ai 
per day. 
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old and inefficient 
shell stills. 


The crude is pumped serially through 
the top reflux, gas oil sidestream, inter- 
mediate reflux and fuel oil bottoms heat 

) exchangers, giving a high degree of preheat 
to the entire charge. Preheated crude flows 
in four parallel streams through the convec- 
tion heating surface of the furnace, then in 
two parallel streams through the floor, wall, 
and roof tubes of the radiant section. The 
furnace outlet temperature is controlled to 
effect the desired degree of vaporization ‘and 
| the entire charge is introduced into the 
| flash zone of the fractionating tower. 
| In the fractionating tower the ascending 
} vapors are contacted with the down-flowing 
) reflux, maintaining equilibrium conditions 
on each bubble tray. Overhead from the 
) tower, consisting of process steam and gaso- 
line product vapors to endpoint specifica- 
tions, flow to a vapor condenser where com- 
plete condensation and sub-cooling is_ ef- 
fected. This condensate flows to a water 
separator where the condensed steam is 
removed. The accumulated naphtha prod- 
uct to endpoint specification is withdrawn 
continuously and discharged to storage. 
The fractionating tower is refluxed by 
means of circulating liquid reflux. This 
reflux, hot, is withdrawn several trays down 
| from the top of the tower and is pumped 
through the crude exchanger, thence to a 
tubular cooler and back over the top tray 
of the tower at a temperature and in con- 
trolled quantities to effect condensation of 
| the necessary internal reflux required for 
fractionation below this section. 

Sidestreams of refined oil and gas oil are 
} Ttemoved from selected trays in the main 
j fractionating tower and flow, by gravity, to 

independent external stripping sections 
where each product is stripped with open 
) steam to maintain the desired initial boiling 
point specifications. The products from 
each stripping section are pumped through 
independent final coolers, thence through 
the control house to storage. A stream 
is removed from the tower four trays below 
the point of removal of the gas oil stream 
and returned two trays below the gas oil 
stream as intermediate reflux after heat 
exchange with the crude. 

The unvaporized crude flows down over 
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i 
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six stripping trays located in the lower 
section of the fractionating tower and is 
pumped hot through the bottoms exchang- 
ers, thence through the fuel oil cooler to 
storage. 


A steam superheater located in a lower 
temperature zone of the convection section 
of the tube still is utilized for superheating 
the necessary process steam required in the 
base of the tower and in the stripping sec- 
tions. 

Regulation of each sidestream is oper- 
ated from the control house to maintain a 
constant temperature at the point of side 
stream removal in the fractionating tower. 


GENERAL DESIGN 


General design of the installation was 
based on minimum operating costs. 

Characteristics of the crude under con- 
sideration were such that abnormally high 
flash temperatures were necessary for the 
degree of vaporization required; conse- 
quently, there is a large amount of heat 
available in the residual bottoms for pre- 
heating the crude. By utilizing heat ex- 
changers on the recirculation reflux, gas 
oil side stream, intermediate reflux, and 
residual bottoms, a high preheat are ob- 
tained. 

The point of intermediate reflux has been 
selected to meet the following requirements: 

1 Highest temperature level heat source. 
2 Maximum simplicity in design. 

By supplying intermediate reflux below 
the gas oil the tower diameter required at 
the top is the same as that required below 
the gas oil. A tower of uniform cross section 
with low vapor velocities is thus obtained. 
Due to the heat exchange balance selected, 
the reflux ratio in the upper section is the 


maximum obtainable with the _ selected 
preheat. 

The tube still is of the Alco bare tube 
design. 


The radiant surface has been designed 
with a single row of radiant tubes spaced on 
centers approximately equal to twice the 
tube diameter, giving uniform peripheral 
heat intensity. Convection tubes have been 
placed on relatively close centers, giving 


high flue gas velocity with a high rate of 
heat transfer, insuring low exit flue gas 
temperatures. Heating surface of the radiant 
section has been symmetrically disposed 
with respect to the flue gas outlet from the 
combustion chamber, insuring uniform fir- 
ing conditions. The dividing of the charge 
into two parallel streams at the inlet, and 
the maintaining of a single flow through 
two parallel radiant zones symmetrically 
disposed insures optimum control. 

The fractionating tower was designed 
with 28 trays in the fractionating zone, in- 
suring adequate fractionation for the crude 
operation. Below the tube still inlet six 
trays were included for reducing the fuel oil 
bottoms to high flash specifications. 

The utilization of external stripping sec- 
tions on both side streams, with multi- 
drawoff connections from selected trays in 
the fractionating tower, permits of regulat- 
ing the number of trays between each stream. 

All bubble trays will be of Alco streamline 
design, elongated bell cap type, with cast 
iron caps and troughs. 

One of the most flexible primary distilla- 
tion units so far designed is exemplified by 
an Alco installation designed to operate 
efficiently as (1) a vacuum reducing unit, 
(2) a vacuum distillation unit, or (3) an 
atmospheric distillation unit. This design 
provides the maximum in flexibility. 

The complete installation is capable of 
processing 4,500 bbl. per day of 50-55 per- 
cent of reduced Iraq crude, and when 
operating as a vacuum distillation unit 
produces gas oil, cracking stock, slop oil, 
and residue. As an alternate, it may be 
operated as a vacuum reducing unit charg- 
ing 3,650 bbl. per day of 40-45 percent of 
reduced Iraq crude and produce gas, gaso- 
line, cracking stock, and asphalt. 


OPERATION 


When the unit is operated for vacuum 
reducing, the operation is shown diagram- 
matically on flow chart Figure V-S. 

The charge is taken from storage and 
passed through a series of heat exchangers 
entering a furnace in series, passed across 
the floor tubes, up the floor wall, across the 
roof and out the near wall, entering a pres- 
sure flash tower. Back pressure is held 
upon the furnace and the pressure released 
into this tower. Sufficient pressure is held 
upon the tower to maintain a temperature 
in the base which will permit flashing of 
the bottoms to asphalt in the vacuum 
tower. The overhead in this tower consists 
of any gas or gasoline formed in the furnace. 
Facilities are provided for the removal of 
a sidestream of gas oil which is stripped and 
returned to the vacuum tower where it is 
fractionated as desired. This removal of a 
side-stream permits the stripping of the 
charge to the vacuum tower to reduce any 
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flows through the convection and radiant 
sections of the tube still and discharge into 
the flash zone of the fractionating tower 
The products from the fractionating towet 
are withdrawn from the proper fractionat 
ing tray as a liquid, and flow by gravity 
to surge tanks. The gas oil passing overhead 
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provisions are made to introduce high pres- 
sure steam to the roof tubes of the tube 
b still. 
} The unit is continuously exhausted by 
® steam jet air pumps. 


GENERAL DESIGN 


In order to accomplish the combined 
| operation of both pressure and vacuum on 
the furnace, it has been necessary to provide 
I fittings which would give the flexibility of 
ichanging the flow from series operation 
when operating under presssure to a series 
parallel flow when operating under vacuum 
for production of lubricating oil distillates. 
The furnace design is so arranged that 
| this flow can be easily changed by the re- 
| placement of crossover connections which 
iwere fabricated so that they can be easily 
replaced, and the installation of U bends for 
| the roof tubes which give a four to carry 
i flow. The design is such that this change- 
} over can be made in not more than a week. 
. When operating under vacuum there are 
facilities for introducing high pressure 
jsteam into the roof tubes to effect the 
§ Necessary vaporization at low absolute pres- 
gsure and minimum wall outlet pressure. 
p The introduction of a pressure pre-flash 
} tower between the furnace and the vacuum 
| tower permits more flexibility in the removal 
jof any light ends produced in the furnace 
} when operated under pressure; at the same 
| time having the full adv antage of a vacuum 
operation for the distillation of the heavy 
Bends. 
Size and arrangement of the vacuum 
fractionating tower is controlled by the 
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Figure V-6 


vacuum distillation operation, and the fur- 
nace surface is controlled by the heat input 
required when operating at high pressure 
and temperatures for further reduction of 
the asphalt. This combination of equip- 
ment makes the unit an ideal one for distil- 
lation in a refinery requiring flexibility of 


Figure V-5 
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production where various grades of heavy 
products are desired with facilities to take 
care of any changes in the 
future. 


market in the 


PERFORMANCE 


Although the plant has been based on 
normal charging capacity of 4,500 bbl. per 
day, the still and auxiliary 
equipment have been designed with a con- 


tower, tube 


siderable factor of safety. 





FRACTIONATING 


INDICATES 





TOWER 


FURNACE 








mae) 


pom 


‘ 
1? 

















| 
| 
J 


) 
| 
+ 
| 
| 
| 
| 
| 
| 
! 
io Va 
' 
| 
+ 
| 


| ' 


ee 





STRIPPING 


FLOW FOR CRUDE OPERATION 
—-—-—- FLOW FOR PRESSURE 
DISTILLATE OPERATION 














EXCHANGER 


CONDENSER 


SEPARATOR 





NAPHTHA 





mee ee ee ee ee ae ae ee eae eee 








PRESSURE DIST 
“ > 
CHARGE 


\ 








aE Se 








r, we 





(fama 








‘ EXCHANGERS © 

















DAILY RUN SHEET GAS FRACTIONATION] 


SS 7:00AM. TEST N2: SHEET N2:___ CHARGING STOCK: 


QUANTITIES TEMPE RaATy 
FRESH AB. POLY POLY] pony DRY|FRESH RE-|PRO|COIL| EVAPOR- Tower 7 
FEED IL}GAS| DIST |ANEIGAS |FE- S}] FEED DIST OUT| ATOR oP 


"i 2:4 wt on he? 117k N 


ALCO PYROLYSIS AND THERMAL 
POLYMERIZATION PLANTS ARE 
COMMERCIALLY SUCCESSFUL — 


BECAUSE —they are the fruition of years of 


pioneering research 


BECAUSE their design and construction is 
thoroughly tested in a full commercial size ex- 
perimental unit before adoption ina purchaser’s 
plant 
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REFINERY PROBLEMS Solved Experimental 


The Modern Pilot Plant Here De- 
seribed Gives Indispensable Data 
for Design of Petroleum Refining 


Equipment and Process Work. 


EAkLy in its operations Alco Products, 
Inc. constructed and erected pilot plant 
equipment for the evaluation of oil stocks 
by the various methods for which it designs 
and manufactures equipment. Modifica- 
tions of these pilot plant units are made cur- 
rently in the continual search for more effi- 
cient performance. The principal operations 
represented by pilot plant assemblies are 
enumerated in the following tabulation and 
are described and discussed in some detail. 


|. Distillation Processes. 

il. Cracking 

(a) Viscosity Breaking 
(b) Two-Stage Cracking 
(c) Vapor-Phase Cracking 

il. Polymerization. 


DISTILLATION 


There are three distillation units in use 
at the experimental laboratory, differing 
mainly in crude charge capacity, namely, 
(a) 50 bbl. per day crude fractionating 
tower, (b) 15 gal. per hour fractionating 
tower and (c) laboratory apparatus includ- 
ing a continuous equilibrium flash still and 
batch glass stills such as true boiling point 
columns, high temperature Podbielniak 
columns and modified Hampel columns. 
There is also a 10 ft. packed steam heated 
column for continuous distillation of light 
distillates. 

The largest unit is a complete dis- 


Figure 1 


























tillation unit having a crude charging 
capacity of 50 bbl. per day. The frac- 
tionating column is of rectangular cross- 
section, eight inches by 18 in. and contains 
26 separate trays. The tower itself is con- 
structed of two channels, one each forming 
the narrow side and joined by plates, one 
continuous plate on the back side and steel 
frame and cover plates from the front or 
platform side. The tower was so constructed 
that each tray is formed of two half troughs 
covered by a single Alco bubble cap (see 
Figure 1). The inlet and overflow weir are 
fixed to the sides but the cap may be raised 
or lowered to vary the submergence of the 
notched edge in the liquid on the trough. 
Each tray is equipped with a draw-off 
connection so that product can be sampled 
or removed from each tray. However, there 
are only two permanent stripping sections, 
each stripping section consisting of two 
trays with an external vapor by-pass around 
this section. 

The auxiliary equipment includes auto- 
matic instrumentation, recording poten- 
tiometers and pressure points, flow indica- 
tors for superheated steam to roof tubes, 
reflux pump back and stripping sections. The 
pumps are small steam driven of the reci- 
procating type except the bottoms pump, 
which is rotary type for handling asphalt 
under reduced pressure. Spare pumps are 
provided for charging, top tower reflux, and 
bottoms removal. Four product transfer 
pumps are included as well as a dual fuel 
oil pumping set for firing the tube still. 
Tankage facilities include two 10 ft. by 
16 ft. (9,000 gal. capacity) seven five feet by 
eight feet product tanks (1,000 gal. capacity 
each), and ten 18 in. by 96 in. twin receivers 
for measuring all products. 

The tower can be operated under vacuum 
conditions at about half the crude capacity, 
i.e., 25 bbl. per day. The vacuum actuating 
equipment consists of a barometric and a 
two stage steam ejector. A flash vaporizer 
is manifolded to the tube still outlet so that 
asphalt can be produced under pressures of 
15 to 25 mm. mercury absolute. The vapor 
line from the vaporizer is connected to the 
tower so that vapors can be separated into 
several fractions, or conducted directly to 
a condenser for condensation of the total 
overhead. 





15 GAL. TOWER 


The distillation unit just described re- 
quires a tank car of crude for a complete 
distillation investigation, which is a restric- 
tion in instances where the amount of 
sample available is limited. For smaller sized 


samples, up to several hundred gallons, ; 
six inch tower is used. This tower is made uy 
of sections of two trays per section, ever 
other tray being equipped with a draw.oj 
connection so that products can be take 
from alternate trays. The design of the 
bubble cap, seal pan and down-flow pipe 
are such that they permit a larger bubjy 
periphery than customarily formed in ¢. 
cular caps. 

Figure 2 shows the assembly of two tray 
and illustrates the flow of rising vapor ae 
descending liquid. Trays in this colym 
are spaced 12 in. apart. 

This tower is equipped with automat; 
top-tower temperature control by mea 
of regulating the amount of water admitte 
to the internal reflux coils located in the to 
of the tower. An electric immersion heats 
in the bottom controls the amount of hey 
used for reboiling, current to the heate 
being regulated by means of an extern 
rheostat in series with one of the heatin 
elements. 

Operation of the unit is similar to the firs 
distillation unit and consists of the folloy. 


ing procedure. Charging stock is withdraw 


from a calibrated feed tank by means of an 
adjustable stroke plunger type pump and 
discharged to a heating coil. Firing of th 
oil heater is controlled to produce the de. 
sired degree of vaporation and the mixture 
of vapors and liquid enters the lower pan 
of the fractionating tower. Rising vapor 
are fractionally condensed by descending 
reflux and the condensate withdrawn from 
selected trays. The amount of sidestream 
product withdrawn in controlled by flowin 
through a plunger type pump, volume bei 
regulared by the stroke of the pump. Res: 
due is withdrawn in the same manner 
maintain a constant level in the bottoms 
the tower. The amount of internal ref 
required is measured by the quantity am 
temperature rise of the water flowin 
through the reflux condenser coil. 

All products are measured in calibrate 
tanks fixed gas is measured and analyz 


Figure 2 
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taker 

f the ° 
pin 8° that by these data a complete weight 
ubble balance can be obtained as a check of the 
Y é accuracy of the measurements. 

The tower can be made up of as many 
tray fe two foot sections as may be required to 
20 effect the fractionation desired. For ordi- 
lane nary purposes such as separation of over- 

head, two side streams and a residue, six- 
mati: |, teen to twenty trays will be sufficient. 
means 
mitted EQUILIBRIUM 
het» | FLASH STILL 
heater Knowledge of the physical properties of 
f heat fractions from a charging stock is important 
heater information when one is concerned with 
cternal yield and quality of products. From an 
eatin F engineering and design standpoint it is 

equally important to know how these 
he first products may be obtained. One factor of 
follow. great interest is the equilibrium flash distil- 
dram} lation temperature required to give the 
sofatf) desired degree of vaporization. This tem- 
ip ani) perature is frequently estimated’ from the 
of thf} slope of the true boiling point distillation 
the de curve, but for some stocks, particularly 
nixtur fF heavier oils, empirical data do not cover 
er part & the higher temperature range, and for re- 
vapos § fractory oils or blends of radically different 
vending F boiling range mixtures the deviation is 
n from § serious. To cover such cases an equilibrium 
estreat F flash still is used and the oil in question is 
flowin fF distilled at several temperature levels and 
ie being FF} pressures if desired and a flash curve readily 
p. Ret) established. The assembly of the equili- 
nner | brium flash still used and a sectional view 
tom #) of the flash chamber and jacket are shown 
1 reflu in Figure 3 and consists of the following 
ity a §) major items: 
flowing 


| A small capacity, 500 to 1,000 cc. per 
, hr., duplex, positive displacement pump 
is used to feed the sample to the heating 
coil. The fixed tanks consist of two cali- 
brated glass tubes which are filled alter 
nately from a large supply tank and main- 
tained under constant nitrogen gas 
pressure so that falling level in the measur- 
ing glass will not affect the charge rate. 
The heating coil and flash chamber are en- 
closed in a six inch shell which is reduced at 
the bottom to hold a 2,000 watt immersion 
heater. The heater is thermostatically con- 
trolled and the temperature of the vapor 
bath can be maintained within three 


1Piromoy 
letin 10, ea) Beiswanger (Am. Pet. Inst. Bul- 
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degrees. The shell is built to withstand 
250 lb. per sq. in. pressure so that 800 
deg. F. may be attained without the vapor 
pressure of the heating medium exceeding 
the design pressure of the shell. An external 
heating circuit of resistance wire winding 
over asbestos board molded to the shell, 
covered by magnesia insulation prevents 
heat losses and maintains constant and 
uniform temperature within the shell. 
Temperature readings of the coil outlet, 
flash chamber inlet, vapor and _ liquid 
residue outlet as well as the surrounding 
vapor agree within a few degrees. The vapor 
outlet and residue lines are oversize so that 
very little pressure drop occurs, less than 
can be detected on an ordinary mercury 
manometer. The residue draw-off line is 
higher than the bottom of the flash cham- 
ber, hence forms a liquid seal at this point. 
The drain line is large enough to prevent 
syphoning of residue. The overhead vapor 
line and residue drain lines pass through 
condensers and coolers and drain into 
graduated receivers. The vent line from 
each receiver is joined to a_ pressure 
reservoir so that the same pressure exists in 
both receivers. 

The operation consists of charging a 
uniform quantity of feed, heating it to the 
desired temperature at a constant pressure 
and taking readings of the overhead con- 
densate and liquid residue. Readings are 
continued until satisfactory consistent re- 
sults are obtained. 


BATCH STILLS 


The laboratory assay stills of glass ap- 
paratus consist of three necked flasks 
bearing packed columns of various dimen- 
sions and containing packing of effective 
fractionating performance. The more pre- 
cise columns, that must of necessity run at 
slow rates, are used to establish distillation 
curves, but for actual analysis of cuts, a five 


Figure 4 
















liter flask, having a one inch by 24 in. column 
packed with jack chain is found convenient 
for evaluation work. With this arrange- 
ment, five percent cuts can be collected and 
inspected for common physical properties. 
The distillation can be continued in the 
same apparatus under vacuum to recover 
lubricating oil stocks. Data of the proper- 
ties of five percent cuts throughout the 
vaporizable range, plotted against the mid- 
percent point of each cut will make it 
possible to predict with reasonable accuracy 
the yield of any product to be recoveedr 
from a given charging stock. 


CRACKING 


With the aid of the experimental and 
research tools described in the preceding 
section, it is possible to arrive at efficient 
and economical design of fractionating 
equipment. Of greater commercial value 
and certainly more complex are the prob- 
lems of cracking plant design and opera- 
tion. In this field the designing engineer is 
dependent upon experimental data and 
pilot plant tests to assist in evaluating 
changing stocks into yield and quality of 
intermediate and final products and to 
establish operating conditions. In order to 
furnish the of these 
questions and likewise for the purpose of 
investigating new and improved processes 


answer to many 


the experimental cracking equipment to be 
described was assembled. Since there are 
many different cracking methods the ex- 
perimental equipment was made as flexible 
as possible and at the same time to parallel 
as closely as possible plant operating condi- 
tions. Examples of three cracking processes 
are shown in Figures 4, 5, and 7 and de- 
scribed briefly in the following sections. 


VIS BREAKING 


The charging stock is forced by nitrogen 
pressure continuously to the combined feed 
tank. A small level control float admits suf- 
fresh feed for the 


ficent to compensate 


Toe toe 
TEMP CONTROLLER 


TO STEAM 
JET _EVECTORS 


INDARY 
FRACTIONATOR 


SECONDARY 
EVAPORATOR 


10 
EVACUATED RECEIVERS 


y 10 


19 By 
EVACUATED RECEIVERS l 


HEAVY DISTILLATE 
TO EVACUATED RECEIVERS 





SS 


= 


SECONDARY 
EVAPORATOR 


VAPORIZING GRACKING 
Cou Cor » 


SECONDARY TAR 


PRIMARY EVAPORATOR 


A 
CRACKING 
con 


PREHEAT 
COU 


MMERSION 
RESOILER— 
HEATER 


pRimaRy TAR 


amount of fresh feed and recycle stock 
removed by cracking or as fuel oil. A high 
pressure (1,000 lb. per sq. in.) adjustable 
stroke proportioning pump _ withdraws 
feed from the combined reed tank and 
pumps the mixture through the preheating 
coil. Temperature of the charge leaving the 
coil is controlled by the firing rate and is 
set short of cracking temperature. The 
charge then flows to another coil where it is 
quickly brought to cracking temperature. 
A thermocouple placed in the coil a short 
distance from the inlet will give an inter- 
mediate point that indicates rate of heat- 
ing. The charge continues through the rest 
of the coil at substantially vis-breaking 
temperature. Temperature of the main oil 
stream and the tube wall temperature at 
the outlet are measured, as well as the 
lead-bath temperature. In case the ther- 
mocouple wells become coked, the lead- 
bath temperature is sufficient indication to 
hold a uniform temperature throughout the 
experiment. 

Products from the coil are flashed in a 
vertical evaporator which separates vapor 
and residue. The evaporator may be carried 
under system pressure; or in case of high 
pressure imposed on the viscosity breaking 
coil, the pressure is reduced at the coil 
outlet. Vapors from the evaporator flow to 
a fractionating tower which separates fixed 
gases from condensate. Residue is drawn 
from the bottom of the evaporator through 
the sight glass in which a liquid level is 
maintained and discharged through a re- 
heating coil. The function of the reheating 
coil is to add sufficient heat to vaporize all 
constituents boiling below asphalt. The 
reheated charge is flashed in a low pressure 
evaporator which is usually held under 
vacuum. Vapors from the evaporator flow 
to a second fractionating tower, also 
maintained under vacuum, and there are 
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separated into different boiling range frac- 
tions. The fractionating tower bottoms, 
being the heaviest distillate (practically 
all of which boils above 600 deg. F.) may be 
returned to the feed tank for additional 
viscosity breaking, or withdrawn from the 
system as a heavy gas oil. Normally, the 
products of viscosity breaking are gas, 
gasoline, light gas oil (400-600 deg. F. 
boiling range), heavy gas oil (or recycle 
stock) and vis-broken residue. 

Liquid fractions collected over the period 
of a test are seldom of boiling range speci- 
fications, so that at the end of a test they 
are mixed together in the same proportions 
as they were produced and redistilled 
through the 15 gal. per hour still previously 
described to provide cracking stock for 
additional tests. 


HEATING COILS 


In one respect, small scale equipment, 
i.e., units charging 5-20 gal. per hour, are 
apt to fall short of realizing commercial 
conditions, and that is in the flow through 
heating coils. Invariably pilot plant heating 
coils are made of % inch to % inch tubing 
so that an average flow of 10 gal. per hour 
will be an exceedingly low lineal or mass 
velocity and in many instances, where 
vaporization is slight, viscous flow condi- 
tions are likely to prevail. 

The disadvantages of viscous flow can be 
largely offset by careful limitation of tube 
wall so that film cracking is greatly re- 
duced. This is made possible by use of coils 
submerged in molten lead baths as illus- 
trated in Figure 6. Temperature readings of 
the tube wall, oil stream and lead-bath 
show there is only 25 to 40 deg. F. dif- 


ference between coil outlet and lead-bath 
The heat transfer rate in a coil of this type 
is higher than rates obtained by convertion 
and radiation effects in a pipe still heater 
so that it is necessary to install intermediat 
thermocouples in cracking coils to assist in 
establishing the heating curve and time 
factors. By dividing a coil into several Parts 
and installing each coil in a separate bath 
the heat rate and soaking time can be mor 
closely controlled. 


MULTI-STAGE CRACKIng 


The character of the charging stock to, 
cracking process governs the type g 
process to be employed. A charging gtoq 
containing much asphalt is usually gp 
jected to a viscosity breaking operatiq 
such as described. Gas oils collected fro, 
such an operation serve as charging sto 
for cracking operations, or a charging sto 
initially low in asphalt content may be usa 
Occasionally a naphtha fraction is segr 
gated for cracking by a reforming proces, 

One type of cracking, involving ty 
coils, one for heavy gas oil and one fy 
light gas oil, is shown diagrammatically ip 
Figure 5. The operation of the pilot plan 
unit is briefly described in the followin 
section. 

Charging stock is fed at a uniform and 
predetermined rate, based by experienc 
with similar stocks, through a vaporizing 
coil and heated to vaporizing temperature. 
The outlet of the coil enters the fractionat- 
ing column above the flash zone where its 
fractionated into two or more cuts, gasoline 
overhead, light gas oil, and heavy gas oll. 
Light gas oil is drawn off the upper a 
cumulator pan and flows by gravity toa 
surge tank; likewise heavy gas oil is dram 
from the base of the tower to the othe 
surge tank. Each charging stock is pumpel 
through short preheating coils where th 
temperature is raised almost to crackin 
temperature, then flows to the cracking 
coil. The temperature is raised quickly « 


Figure 6 
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TOP TOWER 
TEMP CONTROLLER 


INTERNAL 
REFLUK COIL 


FRACTIONATING 
TOWER 


RIMARY 
EVAPORATOR 


SECONDARY 
EVAPORATOR 


‘CHange 
PUMP 


RECYCLE 





cracking and held at this temperature 
(soaking) for the remainder of the coil 
volume. The heavy gas oil coil discharges to 
an evaporator in which tarry material con- 
denses and is withdrawn. Vapors from the 
evaporator then enter the flash zone of the 
fractionating tower. 

The outlet of the light-oil coil is nor- 
mally quenched with some light distillate 
such as clean charging stock or light gas oil, 
in order to arrest the reaction and prevent 
coke and gas formation. Quenched products 
enter the secondary evaporator where 
refractory tar is separated and withdrawn. 
Vapors leaving the evaporator enter the 
main fractionating tower for fractionating 
into product and recycle stocks. 

The mixture_of, vapors from the three 
coils, enter the tower and are fractionated; 
gasoline and gas leave the top of the tower 
as vapors; there is a side stream of recycle 
and virgin gas oil, and a tower bottoms 
consisting of recycle and virgin heavy gas 
oil. Overhead products pass through a 
condenser and cooler and enter a gas 
separator. Gases are removed by a com- 
pressor and liquid by an adjustable stroke 
pump, and both liquid and gas are dis- 
charged at the pressure of the stabilizer. 
The mixture passes through a steam heater 
before entering the stabilizer column. 
Stabilizer is equipped with an electrical 
immersion heater and a top tower tem- 
perature controller. Light hydrocarbons are 
separated from the liquid product, in this 
case producing gases and stabilized dis- 
tillate of desired vapor pressure. 

Vapors leaving the top of the stabilizer 
column pass through a condenser coil 
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Rtwavavars 


HEATERS 


Figure 7 


where the heavier constituents are con- 
densed and collected in a receiver for 
measurement and sampling and may 
be saved for subsequent polymerization 
tests or discarded. Fixed gases escaping 
from the receiver consisting chiefly of 
ethane, ethylene, methane and lighter, pass 
through the pressure regulator valve to the 
gas meter. 


POLYMERIZATION 


For several years polymerization of 
refinery gases or pyrolysis-polymerization 
of highly saturated gases has occupied a 
prominent place in refinery developments. 
As in cracking, the reactions, operating 
variables (principally temperature and time 
elements), composition of charge and the 
effect of these factors upon yields and 
properties of products are complex and the 
design of equipment for such processes is 
based to a great extent on the result of 


Figure 8 
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experimental data and research. In order to 









solve many pertinent problems and estab- 
lish the validity of certain physical- 
chemical theories the polymerization pilot 
plant was constructed as an important and 
necessary research tool. The process has 
been subject to rapid development and 
improvement and in its present state is 
represented diagrammatically by Figure 8. 

The process as employed consists of the 
following operations. A large storage tank 
capable of holding sufficient feed stock for a 
series of tests is held under nitrogren 
pressure, a few pounds higher than the com- 
bined feed tank pressure. This will permit 
additions of fresh feed to the combined feed 
tank in order to maintain a constant level. 
The mixture of fresh feed and recycle stock 
is fed through the flow controller at a fixed 
uniform rate to a preheating coil located in 
one lead-bath and then directly to the 
reaction coil located in a separate bath. 
The reaction, though exothermic, does not 
develop too much heat in the pilot plant 
equipment. The reaction coil discharges to 
the base of the fractionating tower below 
the liquid level where the temperature is 
immediately reduced. Excess heat entering 
the tower is removed by the top tower 
temperature controller and the addition of 
rich oil from the absorber. Vapors leaving 
the top of the fractionator are compressed 
to the combined feed tank pressure, pass 
through a coil where recycle liquid con- 
denses and flows to the combined feed tank. 
Uncondensed gases flow to the absorber 
tower and rise through the down-coming 
absorbing oil. 

Liquid drawn from the base of the frac- 
tionator passes through a cooler and excess 
liquid, over and above that required to hold 
a level in the tower, is drawn from the 
system as product. A constant stream of 
liquid is fed to the top of the absorber where 
the heavier constituents are absorbed and 
returned to the fractionating tower. Waste 
gas passes from the top of the absorber 
through the pressure regulating valve and 
meter. 

As in cracking processes, various modi- 
fications are possible by slight rearrange- 


ment of flow and equipment. #& 8 
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Type 1000 box type 
straight port supplied 
with either plain or 
deflector plug. 


OHIO REFINERY RETURN BENDS 


For many years the various Ohio designs of return bends 
have played an important part in the satisfactory operation of 
refinery cracking units. 





| Rugged design throughout, especially in top construction 
and holding members, is a feature of all Ohio types and is one 
of the many reasons for their long trouble-free life. 


The three types shown here have been very popular and the 
choice between them depends upon what features are most 
desired by refinery engineers. 


Submit operating conditions and tube size and recom- 
mendations will be given. 


Type 2000 full stream- 
line sectional bend with 
single tube replace- 
ment feature. Special 


“It Type 1600 is fitting 
with radius port 
equipped with de- 


\ 

i . 1) 

4 flector plugs for Ohio connection holds 
streamline flow — set housings in proper 
collar type closure. ilignment 
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j The OHIO STEEL FOUNDRY COMPANY 


' ENGINEERS or FOUNDERS “nr MACHINISTS 


SPRINGFIELD, OHIO 
General Office: LIMA, OHIO | Plants: LIMA, OHIO — SPRINGFIELD, OHIO 
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REFINERY STEEL BY BEAIRD 


ae = Beene Coqperenan's-enene- The J. B. Beaird Corporation Serves Alco Prod- 
tion to Alco Product’s refinery develop- 
ment is chiefly the fabrication of structural 
steel. We are proud to have taken part in a 
number of Alco’s modern installations in ucts by Fabrication of Refinery Steel to the 
the United States and abroad. 

Located in Shreveport, Louisiana, in the 
heart of the mid-continent oil field, our 
plant is advantageously located for serving 
the refineries in this territory. In addition, 
the location near the ports of New Orleans 
and Houston has led to sizable exports. 
In recent years we have been favored with 
considerable foreign business. 





Exacting Specifications Required by This 


Organization. 


Our plant facilities include a most 

modern structural fabricating shop, a plate 

shop capable of working plate up to a thick- 

ness of 2 inches, an electric steel foundry, 

which is supervised by a competent staff of 

metallurgists, who are aided by the facilities 

of complete chemical, physical, and metal- bd: 

lurgical laboratories. vy, ' 
+ Our electric steel foundry specializes in fj 
. production of high pressure and high / f 
| temperature flanged ring-joint fittings, spe- 
cial nozzles, man ways, corrosion resistant 
hot oil pump-liners, and many special 
products to meet unusual conditions en- 
countered in refinery operation. 





Our machine shop is equipped to manu- 
facture all classes of refinery fittings; 
heavy pump and gas engine repairs are a 
specialty of our plant. / 





The fabrication of steel for furnace 
construction is supervised by an engineering 
department, thoroughly acquainted with 
every phase of this work. 

We are manufacturers of equipment for 
the drilling and production divisions of the 
oil industry, in addition to our many 
products used by the refinery trade. 

The J. B. Beaird Corporation is always 
glad to receive inquiries concerning mate- 
rials for refinery construction or plant 
maintenance work. Our engineers and 
laboratory personnel will be glad to aid you 
in any problem that requires special 
development in the field of alloys. Our 


staff will gladly cooperate with your plant 
engineers. 


The J. B. 
BEAIRD 
CORPORATION 
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THE WORLD-WIDE ACCEPTANCE OF KEY 
REFINERY FITTINGS IS A TRIBUTE TO KEY 
SERVICE AS WELL AS KEY PRODUCTS 


From the day a refinery is first conceived — long before plans 
take final shape in finished blue prints —Key Engineering 
service becomes of inestimable value. 


Working with the contractor and the refinery engineering 
staff, Key engineers place at their full disposal records of 
the newest, most advanced developments in refinery fittings. 
By calling in a Key engineer at the inception, it is frequently 
possible to effect great economy through the use of one of 
the many standard Key units by minor changes in plans. 
This feature of Key service should not be overlooked. 


Key service is as inclusive of the industry as it is efficient 
and complete. From the erection of the simplest of skimming 
plants to an involved hydrogenation process, Key has de- 
finite recommendations to make — backed by experience 
gained from successful installations elsewhere. 


We are proud of the fact that Alco Products, Inc. have 
selected Key fittings for the refineries illustrated here —as 
well as many others the world over. Only the finest fittings 
are safe to use in installations tens of thousands of miles 
away from the factory where problems of defective design 
or workmanship would be magnified many times over. Alco’s 
selection is evidence of their own meticulous care, as well 
as a sincere tribute to the quality of Key fittings. 





shes : ae 
EAST ST. LOUIS ILLINOIS 











Se rec ot ee ees 


cies dt tbasibiigebestiaihdiniaitee biaddnectiininiehtinibibdiidighnnitihiainniinibiiinneiadniainhnneKenuniahsnedtanadeNnnthibeatbbiiiereksendteenereensaneseteraneannenestll WORLD PETROLEU® 


unit 


usec 


Inst 
is th 


to t 


for 
the 
tang 
tim 
quit 


you 


THE 





AN} 














EAGLE 


INSULATION 
CUTS OPERATING COSTS 
ON ALCO JOBS 


Operating efficiency has been 

















maintained in these Alco Units with exclusive 

use of Eagle Insulating Materials. 

On more and more Alco refining 

units, Eagle Materials are being 
used as the only insulation. 


The latest job on which Eagle 
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Fa the ae 


Insulation was specified exclusively 


‘arer 


is the new Houston unit furnished 
to the Shell Oil Company! 


| High efficiency and a reputation 


r 





~~ 


for dependable service have paved 


a ae if & 


the way for this remarkable accep- 


tance. Call Eagle-Picher the next 


a 


time you have an insulation re- 
quirement. Eagle-Picher will serve 


you efficiently and well. 


THE EAGLE-PICHER LEAD COMPANY ) 


Cincinnati, Ohio picnHER 


SELECTED for use on 


Alco Equipment 


d with Eagle 
166" Plastic 


vere 
Towers and exchangers are co 


; ting of Eagle Supe 
inch coating with Eagle Insulseal. 


d with Eagle High- 


Blankets, %- : 
Insulation, and weatherproofe 
insulate 
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: Piping is complete a 
ofed. 

Temperature covering, and weatherpro 
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annie FOR OIL REFINERIES 
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W-S 
FORGED 
STEEL 
FITTINGS 


are giving 
dependable 
service in 
the following 
ALCO built | 
refineries — — 
throughout the world: Anglo-lranian, Abadan, Iran; Y.P.F.; 
Argentina; Tidewater Associated, Avon, California; Shell 


Petroleum, Houston, Texas; Humble Oil, Tomball, Texas. 





W-S Fittings are bored from solid steel forgings having specified chemical and 
physical properties and that in itself recommends their use for services involving 
high pressures and temperatures—but W-S quality goes further—they embody 
improvements brought about by advanced design and manufacturing methods. 
In the cross-section view above, note the uniform thickness of the wall, a feature 
that, through the use of modern machine tool equipment, is definitely controlled 
in all sizes and types of fittings. The specified minimum thickness of walls is based 
on a study of the corrosive and erosive action of various fluids and, consequently, 
W-S Fittings offer a greater factor of safety when used under even the most severe 
conditions. 


Openings are of the same area as pipe of like size For complete satisfaction on lines carrying oil and gas, 








and permit free unrestricted flow. Wide heavy bands 
and sharp accurate threads perfectly aligned provide 
for easier installation and insure tight joints. 


W-S 
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under high pressures or temperatures, use W-S Forged 
Steel Fittings. You will find thatthey not only give better 


service but assure lower costs in pipe line maintenance. 


FORGED STEEL FITTINGS 


THE WATSON-STILLMAN CO. 


ROSELLE, N. J. 
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LCO nsucates wits 
EBER'S SPECIAL 2-4-] 


Weber's 2-4-1 is easy to apply. Simply mixed with water a——— ry | W, d 
it forms a thick plastic consistency which can be applied t A a st O r 

by hand and smoothed with a trowel. It sticks to either " . 

hot or cold surfaces—is 100% reclaimable up to 1100° : n n S u 4 t ' O n 
Fahrenheit—has a spreading capacity approximately 1000 
square feet to the ton—a working temperature up to 


2000° Fahrenheit, and can be used on all types of in- Gn ‘ hep 
stallations with equally satisfactory results. built refining units are finding 


that Weber's Insulation does the 
job of heat conservation. 


Owners and operators of Alco- 


A thickness of one inch Weber's Special 2-4-1 is equiv- 









alent in insulating value to two inches of ordinary 
asbestos or block insulation. 


ORNS 


INSULATIONS 


TN C: 
EAST CHICAGO, IND 
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* Center — illustrates 


with 


AIRETOOL|. 
CLEANERS 


THE STANDARD IN MANY REFINERIES 








CO eu “DOWN TIME’ 





Airetool super powered motors having double exhausts 
and equipped with self-feeding cutter heads solve all 
refinery cleaning problems. Aiiretool cutter heads 
successfully cope with all conditions and carbon thick. 
nesses. They clean quickly and thoroughly 
and insure long life of tubes. 





Top — illustrates 

plant of Pure Oil 

Company, Cabin 
Creek, W. Va. 





plant of Atlas Pipe- 
line Corp., Shreve- 
port, La. 








Lower — illustrates 

plant of Pure Oil 

Company, Toledo, 
Ohio. 


Airetool cleaners for every refinery need from small heat exchanger tubes to large 
vapor and transfer lines. 


THE AIRETOOL MFG. CO. 


SPRINGFIELD, OHIO 
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_ >> EXPLOSION-RESISTING 
} Electrical EG uijzment 






EXPLOSION-RESISTING 

MOTORS — Dual ventilation for 

rapid dissipation of heat— double 
cast iron frame. 





% 


IT CERTAINLY IS GRATIFYING 
TO KNOW THAT WESTINGHOUSE 
puiLos so COMPLETE a 
LINE OF EXPLOSION-RE- | 
SISTING ELECTRICAL EQUIP- . 


EXPLOSION-RESISTING LINESTARTER— Air EXPLOSION-RESISTING LINESTARTER—Oil- 


M E N T F 0 R T H E R E Fl N E RY break or dry type — de-ion arc quenching features. immersed type— special housing — arc-quenching 


with de-ion oil-immersed disconnect. 











Oil men the world over favor Westinghouse explosion-resisting 
electrical equipment, because it is a complete line, designed to 
conform with high Westinghouse standards . . . because it satis- 
fies every electrical need encountered in refinery installations. 
They favor Westinghouse because they know that this line of 
explosion-resisting motors, linestarters and de-ion breakers is 





(Yes, AND IT HAS BEEN THEIR 
PLEASURE TO COOPERATE WITH 
ALCO PRODUCTS, INC. ano 
ALL OF THE KEY REFINERY 
MANUFACTURERS IN SOLVING 


truly economical and assures trouble-free refinery operation. 


Skilled Westinghouse engineers will be glad to answer your 





questions on refinery problems, or help you design equipment 








for your special needs. Complete information on Westinghouse 
Explosion-Resisting Equipment will be sent to you upon request. 


_—— ELECTRICAL PROBLEMS 





EXPLOSION RESISTING DE-ION WESTINGHOUSE ELECTRIC INTERNATIONAL COMPANY 
- laa pane yy protects 150 Broadway, New York, U. S. A. 


e* ® 





AN UNBEATABLE COMBINATION 


EXPLOSION-RESISTING DESIGN + WESTINGHOUSE 
DEPENDABILITY + WESTINGHOUSE ENGINEERING SERVICE 
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REFINERY AT ABADAN, 


ELLIOTT STEAM JET EFJECTORS ARE USED ON THE ALCO VACUUM UNITS IN THE ANGLO-IRANIAN 
SHOWN BELOW, AS WELL AS ON ALCO UNITS IN MANY OTHER REFINERIEs 





SQWER PLANT 


Q-1045 


EQUIPMENT 
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Everyone appreciates the feeling of security when he puts a job into experienced 
and competent hands. Because of the Elliott Company’s long specialization in the 
manufacture and application of certain equipment, petroleum refineries know that 


the use of Elliott equipment insures the success of that particular phase of re. 
finery operation. 





Maintaining Vacuum — Elliott steam jet ejectors and condensing equipment are 
insuring dependable and economically maintained vacuum on vacuum units of all 
kinds in refineries all over the world. 


Cleaning Tubes — Lagonda and Liberty tube cleaners are standard equipment in 
refineries everywhere. They are built in types and sizes for cleaning all of the 
various tubes and pipes around the refinery. 


Pump Drives — Elliott steam turbines have found particular favor in refineries 
for driving all sorts of pumps. Elliott steam engines are also used for certain type 
of pumps, as well as Elliott electric motors, bui!t in a complete line over 50 hp. 


Power Plant Equipment — Elliott deaerating feed-water heaters, condensers, tur 
bine-generators, engine-generators, strainers, separators, etc.—all of a broad lin 
of power plant equipment, have excellent performance records in refinery plants 





ELLIOTT COMPANY i errrspuncs, es, usa. - 


Works and Sales Headquarters * Jeannette, Pa., Ridgway, Pa., Springfield, Ohio 








District Offices in Principal Cities 
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Combination Distillation Gyro Cracking and 
Reforming Unit at Cabin Creek, West Virginia, 
designed and built by Alco Products, Inc. Another 
place where Taylor has demonstrated the advan- 
tages of its control applications for refineries. 








need 
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Taylor Engineers and Control Systems help 


° ° FOR REFINERY TEMPERATURE CONTROL 

ALCO Products £1ve cracking plant exact this Taylor Fulscope Recording Controller with 
its original Universal Sensitivity Adjuster pro- 

th temperature and flow control vides the means of getting the one best throttling 
- range. The Taylor Dubl-Response Control Unit 
on the Taylor Motosteel Evenaction Valve (be- 


nt in 


N THIS Alco Combination Distillation and Liquid Level Control Systems in many _!ew) maintains the control point in spite of load 
Gyro Cracking and Reforming Unit at plants make it certain that YOU can obtain —_ changes and assures precision valve action. The 
. Cabin Creek there is today no question the control best suited to your own refinery —_T#ylor Valv-Precisor on a Motosteel Valve pro- 
jeries about close control of temperature, flow and operation. Taylor is today cooperating with vides precision valve action where “reset” is not 
types pressure. Taylor engineers, with their full the country’s leading engineers in designing required. W _ for full data on these outstand- 
knowledge of control applications in the and installing the most exact, efficient,  '™® sae a. 
country’s largest and most up-to-date economical, money-saving control systems 
plants, cooperated to help assure the high- available. 
est gasoline yield and the uniform quality Get all the facts about Taylor Service and 
, tur. of all other products. Taylor's proved systems from a Taylor Rep- 
1 in Six Taylor Fulscope Recording Control- resentative, or direct from Taylor Instru- 
lers keep close watch over temperatures. ment Companies, Rochester, N. Y. Plant 
lants. Each controller operates with a Taylor also in Toronto, Canada. Manufacturers in 
| Dubl-Response Control Unit on a Taylor Great Britain—Short and Mason, Ltd., 
Motosteel Evenaction Valve to maintain London, England. 





various stages all through this cracking 
unit. And Five Taylor Pressure Controllers 
with Motosteel Valves hold back pressures 
and reduced pressures constant. 

The successful results following installa- VEEreRNreeS, FaneteE, em 


on of Taylor Temperature, Pressure, Flow and LEVEL INSTRUMENTS 





Indicating - Recording - Controlling 





ti 





| exactly the desired top tower and reboiler 

| temperatures. 

| Twelve Taylor Fulscope Flow Controllers 
with Taylor Valv-Precisors on Motosteel 
Evenaction Valves guard rate of flow at 
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Cameron Pumps and Ingersoll-Rand Compressors have been 
installed in many refineries recentlyerected by Alco Products, Inc. 

The widespread endorsement of Cameron charging pumps is 
the result of their excellent performance records over many 
thousands of hours of continuous operation without the usual 
long delays and high costs needed for repairs and dismantling. 
They can always be relied upon to maintain high efficiency and 
full capacity. 

The “XVG” has proven to be the solution to all problems 
calling for the use of gas-engine-driven compressors in the 
petroleum industry, regardless of the type of service. 

Ingersoll-Rand builds compressors in over 1000 different 
sizes and types of drive. 

Other I-R products for refinery service are vacuum pumps, 
condensers, ejectors, Diesel engines and a complete line of 
pneumatic tools. Our engineers are experienced in refinery 
problems. They will be glad to work with you in selecting the 
equipment best suited to your requirements. 

We are grateful for having been permitted to participate in 
the progress that has taken place in recent years in the refinery 
industry. 


562-14 


——_ ngersoll-Rand | 


‘fo BROADWAY, NEW YORK CITY 
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Branch Offices in Principal Cities the World Over 


erececcecocencscssecensesecsssecscerccccccnscscsonscscscsssssoscsonssssonsnesesessesssoenensenenesererenecsccoeesessencecsececesecscscnaccecereesenecesesececcceceesscscscocscssesecenesceccssecesescccsccccccescescseses. seescceccoscescses WORLD pETROLEU 


nel 
OO 
TTS ae 








MG\\\\\, 
THe 
BASED ON 
QO00 STEEL 


ei 


“AALS 





There is no division of responsibility in the manufacture of TIMKEN Refinery 
Tubes. Quality control is entirely in the hands of the company’s technical 


men—from the making of the steel to the finished product. 


The importance and advantage of this to the tube user is apparent. It 


means better tubes. And it places full responsibility for your satisfaction 


in one place. 





It will pay you to let us figure on your requirements in alloy or carbon steel 
tubes for any operating condition in stills, heat exchangers, condensers or 


other refinery equipment. 





M 


TIMKEN STEEL AND TUBE DIVISION 
8 Budd-built Zephyrs 


are now rolling on THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 
TIMKEN Bearings. 


Glide — as you ride a 
Timken-equipped Train 


Manufacturers of Timken Tapered Roller Bearings for automo- 
biles, motor trucks, railroad cars and locomotives and all kinds 
of industrial machinery; Timken Alloy Steels and Carbon and 


Alloy Seamless Tubing; Timken Rock Bits; and Timken Fuel 


ia incon Equipment SEAMLESS STEEL TUBES 


























MITCHELL 
PIPING 





ALCO 
PRODUCTS 


for 


PURE OILS 
CABIN CREEK PLANT 


? 





FABRICATORS and ERECTORS 


of PIPING for all 


Pressures, Temperatures 
and Services 


Specialists in Fabrication of 
All Alloy Piping 


WELDING procedure and quality 


to meet all insurance requirements 


W. K. MITCHELL & CO., Ine 


2940 ELLSWORTH ST., PHILADELPHIA, PENN 
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GLOBE:TROTTING 
TRANSIT PUMPS 


Fill every refinery need for 
severe conditions the world over 
(Left) TRANSIT 3! x 12” Horizontal Duplex 


Power Pump with forged steel liquid cylinders 
and totally enclosed splash lubricated power 
end. Dirt and dust sealed out, lubricating oil 
sealed in. Equipped with heavy duty, self- 
aligning roller bearings on both gear and 
pinion shafts. Capacity 104 gallons per minute 
of hot oil (850°F.) against 1500 Ib. working 
pressure. 


Water cooled stuffing boxes and plungers. 
Liquid cylinders supported along center line 
of bore by water cooled saddles. This patented 


” . - g t its the cylinders t di 
Right) TRANSIT 8 x 8 x 18” Horizontal Single, Close Clearance “ACE” type. High efficiency ol decd ott an dumetndiaenen. 


pumps for handling gasoline, butane, propane, and other highly volatile 
liquids. Clearances are reduced to a minimum by locating the suction 
and discharge valves close to the cylinder bore and using a piston 
designed to fill the piston clearances. 

All valve seats are in a horizontal position, the valves themselves 
operating vertically. This insures an even distribution of wear and perfect 
seating—a feature not found in many makes of pumps of this type. 








NATIONAL TRANSIT PUMP AND MACHINE CO. 


OIL CITY, PENNSYLVANIA 





5 NEW YORK * PHILADELPHIA * CHICAGO * CLEVELAND ® PITTS3URGH * LOS ANGELES * HOUSTON * TULSA 
: Frick-Reid Supply Corporation The Lang Company Pratt-Gilbert Company Reeves & Skinner Machinery Co. 
i 108 N. Trenton Ave. 267 West First South St. Phoenix 2211 Olive Street 

I FE Tulsa, Oklahoma Salt Lake City, Utah Arizona St. Louis, Missouri 

NC. Standard Supply and Hardware Company TRANSIT Pump & Engine Co. Eugene V. Winter Co. 

if 822-838 Tchoupitoulas St., New Orleans, Louisiana 2261 East 15th St. 320 Market St. 

PENN. Fi Los Angeles, Cailfornia San Francisco, California 
e 
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PEABODY BURNERS 


GAS and OIL 


To meet all Refinery 
operating conditions 


Easy to Install 
Simple to Operate 
Inexpensive to Maintain 





E are justly proud of the record PEABODY BURNERS hay 


Type “MU” Air Register with Gas and Oil 


Burners -Gas Ring Readily Removed and established for themselves in the oil industry. Many of the 
Replaced while Burner is Firing Oil. 


new Refining and Steam Generating Units throughout the world an J 
being fired with PEABODY BURNERS which are made in a full rang f 
A. few refineries where PEABODY of sizes and types. Air registers can be supplied for either Forced Draft | 


BURNERS are firing ALCO built Units. or Natural Draft operation, and Liquid Fuel Atomizers can be of the 


Steam, Straight Mechanical or Wide Range Mechanical Type. 
Ufa in U.S. S. R. 


Pure Oil Co., Cabin Creek, W. Va. 

Lago Petroleum Co., Aruba, D. W. I. 

Atlas Pipe Line Co., Shreveport, La. 

Anglo-Mexican Oil Co., Tampico, Mexico. 
Socony-Vacuum Oil Co., Paulsboro, N. J. 
Anglo-lranian Oil Co., Ltd., Abadan, Iran 

Tide Water Associated Oil Co., Avon, Calif. 
Anglo-American Oil Co., Ltd., Ellesmere Port, England 


There are PEABODY BURNERS firing heaters in practi- 
cally every important Refinery throughout the world. 











PEABODY ENGINEERING CORP. PEABODY LIMITED 
580 FIFTH AVENUE 4 CLEMENTS INN 
NEW YORK, N.Y. LONDON, W.C. 2, ENGLAND 
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ares n the ALCO 


necor0 of achievement... 


ATAWISSA UNIONS are giving efficient service 
under Catawissa Guarantee in Alco plants through- 


put the world. 


stawissa Unions are used by leading oil refiners and 
yefinery builders who know that guaranteed safety and 
jperformance are the paramount objectives in the selec- 


tion of such equipment. 








Hot forged from 
solid steel bars. 
Cold working pres- 
sure to 6000 Ibs. 
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CATAWISSA UNIONS and Catawissa 


Check Valves are giving guaranteed service 


in Alco plants. 


The Catawissa NEW FORGED 
STEEL check valve incorporates 


stainless steel working parts, is 
rated up to 600 lbs. steam and 
1,500 Ibs. oil, water or gas; 
the Catawissa new forged steel 
check valve will withstand pressures greatly 
in excess of these ratings. Safety and per- 


formance guaranteed. 





HORIZONTAL 
or VERTICAL 


ofTHE CENTRAL FORGING COMPANY 


anufacturers of “CATA WISSA” Forged Steel Unions and Valves 


CATAWISSA, PA. 
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GATE UNION OR $14 "PIPE 
PLANGE CUNY) 
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STABILOG BALL FLOAT 
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AIR SUPPLY 
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STAB/LOG 
FLOW 
CONTROLLE. 











Here is a typical application of Stabilset 
| Control Action in which a Stabilog Liquid 
Level Controller holds the level within 
desired limits and maintains smooth flow 
by setting the control point of the Stabilog 
Flow Controller. 


TO THE 


STABILSET SYSTEM! 


ITS PERFORMANCE IS PROVED! 


Surges in a process... variations in steam supply 
to a pump... and other causes of like nature 
change the pressure drop across a controlled 
valve. This makes it impossible to secure averag- 
ing level control with a level control alone to 
handle such conditions. But, Stabilset Control 
System has proved its ability to make the toughest 
toe the mark. 

A Stabilog Flow Controller, equipped with a 
Stabilset air setting mechanism, has its set point 


varied by an averaging type Stabilog Level Con- 
troller. The Flow Controller can master the surges 
and the Level Controller can produce averaging 
effects with respect to liquid level. That is Liquid 
Level Control by the Stabilset System. It permits 

. in fact, it forces . . . surge action within the 
vessel, and gives smooth control of outflow. 

Write for Bulletin No. 210. It illustrates and de- 
scribes Stabilset and two other types of Stabilog 
Liquid Level Control Action in detail. The Foxboro 


Company, 90 Neponset Avenue, Foxboro, Mass., 


U. S. A. Branch offices in 25 principal cities. 














REG. U. S. PAT. OFF. 


Jef STABILOG LIQUID LEVEL CONTROL 
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For 


More 
| Dependable 


Piping 
ALCO Engineers 
| Weld and Use 











1 
3 
* The word “Tube-Turn” is NOT a necessary general trade name 
for welding fittings. It is the registered trade-mark for the 
Hy Products made by Tube-Turns, Incorporated, under their 
; patents. 
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All over the world, wherever refineries are built Masoneilan 
Control Equipment is helping produce better, more profit- 
able petroleum products. 

This universal acceptance of Masoneilan equipment is based 
on merit alone — on correctness of design by engineers who 
know refining problems; on painstaking construction from 


the most suitable high quality materials; on Masoneilan in- 





sistence that performance standards be maintained. 


MASONEILAN The fact that many refineries designed and built by Alco 


Products Company —from Russia to the Argentine—include 


Masoneilan equipment is further evidence that refinery engi- 











neers recognize the Masoneilan trademark as a symbol of 


quality in design, construction and performance. 


MASON-NEILAN REGULATOR COMPANY, 1192 ADAMS STREET, BOSTON, MASS., U. S. A. 
New York Philadelphia Pittsburgh Chicago St. Louis Tulsa Houston Los Angeles 
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Drop Forged Steel Valves and Fittings are 
forged from carbon steel billets or stainless 
steel if desired. They are unexcelled for high 
pressures, high temperatures, and resistance to 
corrosion and erosion. 








Heat Exchangers for high pressure or vacuum 
service, with fixed or removable tube bundles 
and baffles, are of cast or welded all steel con- 
struction as desired. Special consideration is 
given to the selection of materials for handling 
corrosive fluids. 


Fusion welded pressure vessels for every pres- 
sure and temperature complying with the 
A.S.M.E. Code. 
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ANNUAL REFINERY ISSUE 1913 goss 


“Vogt”, 


PRODUCTS FOR DIL REFINERIES 


HE worlds leading oil refine- 

ries specify Vogt products be- 
cause of their distinctive features 
of design and construction for 
maximum efficiency and economy 
of operation. 


In addition to the products shown 
here, we manufacture Continuous 
Rotary Filters, Break Down Filter 
Presses, Oil Chilling Machines, 


Ammonia Condensers, 





Brine Coolers, etc., as 
well as special equipment 
which we build to order 
upon receipt of informa- 
tion. 


Descriptive literature 
covering all Vogt products 

Water Tube Boilers, in bent 
may be had upon request. tube, sectional header or box 


header types, for any fuel. 





HENRY VOGT MACHINE CO. Ine. 


LOUISVILLE, KENTUCKY 
CABLE ADDRESS—VOGT 


NEW YORK PHILADELPHIA CLEVELAND CHICAGO 
CINCINNATI KANSAS CITY DALLAS 


Complete Absorption 
and Compression 
Refrigerating Sys-. 
tems for every re- 
frigerating service 
and with booster 
units may be ar- 
ranged for tempera- 
tures as low as 
minus sixty to 
minus seventy de- 
grees Fahrenheit. 
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THE PYROMETER 


The completeness with which this Micromax displays temperature readings is typical 





of the completeness with which it performs every pyrometer function. It can operate any 
control mechanism; any alarm. It provides combinations of indication, record, alarm and 
control that cannot be had in other models. It performs reliably in control room, foreman’s 
office or isolated control station. 


From earlier L&N pyrometers it inherits reliability, sensitivity and accuracy, qualities to 
which it adds visibility, versatility and accessibility. Crystallizing the values of a quarter-cen- 
| tury of pioneering progress, it is simple and complete—capable of the greatest return per dol- 
lar of pyrometer investment. 
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7 LEEDS & NORTHRUP 


JN33-702(5) 






LEEDS & NORTHRUP COMPANY, 4945 STENTON AVE., 





PHILA., PA. 
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FOR THE VITAL ARTERIES 
OF REFINING... 
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THE GLOBE FOREN PROCESS 


PROVIDES PLUS FEATURES 
IN SEAMLESS STEEL TUBING 


The FOREN PROCESS, while new in principle, is a proven, sensa- 
tional success in the production of seamless steel tubes . . . tubes 
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far superior to those produced by other methods. 


The improved finish is an important advantage. For example, it Upper Picture — Pure Oil Company's 

. . " : plant at Cabin Creek, West Virginia: 

often permits the use of a tube with a lighter wall and less weight Globe FOREN PROCESS tubes installed 

of metal to obtain the desired strength. Again, it eliminates the at this plant by Alco Products, Inc. 
© 

chance that scale or other solid matter may be deposited and Lower Picture—Partial view of the unique 


become lodged. This feature is particularly important in condenser FOREN PROCESS mill at Milwaukee 


and heat exchanger tubes. 


Globe Engineers will gladly tell you more about the FOREN GLOBE STEEL TUBES CO. 


PROCESS and its particular advantages for oilrefinery applications. 4009 W. Burnham St. Milwaukee, Wis. 
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| i Anglo-lranian . . . Abadan, Iran ' 

{| Humble Oil . . . Tomball, Texas i i | 
, Pure Oil. . Cabin Creek, W. Va.; bk \ 
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‘i ~ Shell Petroleum . . Dominguez and atk 2 
Martinez, alif g pd Houston, Texas it | 
|: Tide Water aps von, Calif j | 


UFA i th 








* 
* 


| CROSBY VALVES are in = 
revér oil is refined. Their 9 
Mic eptance signifies thei . 
questi erformance and capaci 
- ~ Be 
5 
« ? 


* 


™ 


: alas CAGE 
AND VALVE CO. 








> 


oe | A 








THE PROPER SOLUTION TO 
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AIR-o-LINE Potentiometer 
Controller combines in one 
instrument the measuring and 


recording precision of the 
potentiometer and the adapt- 
ability of the air operated con- 


troller with 1°, to 150% 
throttling range and automatic 


reset. For temperatures—300°F. 


to plus 3400° F. 


AIR-o-LINE flow controllers 

are furnished as either electric 

or mechanical type flow meters 

with 1% to 150% throttling 

range and automatic reset. For 

aoe Pressures up to 2500 
s, 


BROWN 


OUTSTANDING PERFORMANCE WITH 
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Brown AIR-o-LINE insures accurate measurement and precise 
control of temperatures, pressures, flows, liquid levels in the operation 
of plants or units engaged in Distillation—Cracking—Vapor Recovery 
— Acid Treating — Polymerization — Hydrogenation — Residuum 
Treating—Solvent Treating—Dewaxing and Gasoline Absorption. 

Brown AIR-o-LINE provides a means for tuning into your 
specific process requirements simply and quickly, without dismantling 
the controller or interrupting its control operation. 

Operators are encouraged to secure “best possible’ not just 
““good enough” control results, so apt to be present where adjust- 
ments are complicated and time-consuming. 

Brown AIR-o-LINE is set with the same simplicity as dialing 
a radio. Once it is “tuned in” it becomes fully automatic. It not 
only controls the process within limits, but it “lines out’’ control at 
the exact desired control point, regardless of load or throughput 
changes, assuring you of a balanced operation—correct throughput, 
closer cuts—higher octanes and maximum yields at lowest cost. 


Brown AIR-o-LINE has everything you have wished for in air 
operated control—it ‘‘recognizes,"’ “‘analyzes,"’ and “‘corrects” for 
any departure from the exact control setting—without “cycling,” 
“drifting,” or ‘shifting’ of the control point. Modernize your 
process control with this modern Air-Operated Controller. Write for 
Catalog No. 8902. THE BROWN INSTRUMENT COMPANY, 
a division of Minneapolis-Honeywell Regulator Co., 4450 
Wayne Avenue, Philadelphia, Pa. Offices in all principal cities. 
Toronto, Canada: 117 Peter Street—Amsterdam-C, Holland: Wijdes- 
teeq 4—London, England: 70 St. Thomas’ Street, S.E.1. 


lone 


AIR-o-LINE pressure con- 
trollers with 1°) to 150°, 
throttling range and automatic 
reset are available for control 
of pressure within limits of 5” 
of water and 3000 pounds per 
square inch 


ye 
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AIR-o-LINE liquid level 
controllers are furnished as 
either electric or mechanical 
type liquid level meters with 
1% to 150% throttling range 
and automatic reset. For con- 
trol of liquid levels from 20” 
of water to 100 feet of water. 


AIR OPERATED CONTROLLERS 


SIMPLICITY 



































The CHICO Type B Wall 
Ideally Adapted to Oil Refinery 


Furnace Installations 





Conforming with the basic progress in the design of modem 

sectionally supported walls, the CHICO type B wall incorporate 

advantages that have been proved by existing installations, a 

well as new ideas in anticipation of the requirements of th 

suspended wall of the future. Together with the CHICO Arch, 

Front View—CHICO Type B Sectionally Supported Wall there is thus provided a truly progressive development in sus. 
Illustrating advantages as enumerated pended furnace construction. 


The CHICO type B wall is especially adapted to oil refiner 
furnaces, because its flexible construction meets the specifi 
requirements of furnaces of this type. A review of the followin 


Rear View—CHICO Type B Sectionally Supported Wall features clearly discloses the advantages of this modern design. 
Note part application of Insulation 


1. Simplicity. One tile shape for a standard section. 


2. Flexibility. Castings and tile free to move to offset 
expansion and contraction. 


3. Offset expansion joint the full thickness of the tile. 


4. Tile surfaces offset to make refractory lining air and 
gas tight. 


5. Repairs localized to all sections. 


6. Can be installed or repaired from either inside or 
outside of furnace. 





) 
7. Maximum and uniform burning depth per given 
thickness of refractories. 
8. Insulated to give utmost efficiency. 
9. Minimum of supporting castings imbedded in re 
fractories. GAG 
: M 
10. A suspended wall construction that pays for itself by 
virtue of its general efficiency. K 
29 Hy 


CHICO suspended walls are of the air cooled or insulated ty i 
and, together with CHICO Arches, are available with standar, i 


super or insulating refractories. We invite your inquiries * 
design and prices covering specific requirements. ; 


3 
CHICAGO FIRE BRICK COMPAN!| 


General Offices: 


1467 ELSTON AVE. CHICAGO, ILLINOIS} 
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There's a Strahman Gage 
or Gage Valve for 
every refining process 





lons, as 
: of the 
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refinery 
specific 
pig It is only natural that such efficient equipment should 
— be specified in ALCO built plants. 
Strahman Super-S Oil Level Gage Valves are built 
set in the U. S. A. from the finest forged steel and the 
most suitable alloys for the conditions under which 
they are to operate, and in accordance with the speci- 
nd fications of leading oil engineers. 
In cracking, solvent extraction, dewaxing and 
hydrogenation plants, and wherever high tempera- 
or tures and pressures are to be encountered Strahman-S 
Gages and Gage Valves are rendering super-service 
- at pressures up to 4,400 Ib. per sq. in. They are 
equally efficient when operating against extreme 
sub-zero temperatures. For hot climates Strahman 
makes a self-cooling gage assuring a true level read- 
re- 





| ing of the liquids in tanks. 
/GAGES AND VALVES 


by Made in U.S. A. Strahman Super-S Gage Valves are outstanding 


because of their automatic, quick closing, ball check 





by 
KLINGERIT INC. 


22 Hudson St., New York, N.Y. and the ease with which the gage glass can be cleaned 


a without removing the entire gage assembly from the 
pte te tank or tower. Furnished with either threaded or 
rl i 


flanged tower connections. 





Write for more complete information re- 
garding Strahman gage o: gage valves, giving 
information on the liquid used, temperatures 












and pressures. 


16-22 HUDSON ST., NEW 


Se RES ee op oe 


/KLINGERIT inc. 
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Pictured Above Is a Part of the UFA Refinery at Sterlitamak, Russia 


| This Refinery Was Built by Alco Products, Incorporated 
7 
The Structural Steel Used 
in the Distillation, Cracking 
and Treating Units of This | 
Refinery Was Furnished by 
PITTSBURGH BRIDGE & IRON WORKS 





GENERAL SALES OFFICE : PLANT 
PITTSBURGH, PA. ROCHESTER, PA. 





We Specialize in Fabrication for Refinery Construction 
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eiseoiaeesseesdnliaeliion aeseiaiesbssibilaneiesiienaiabiniedncnibiinhsinntiieinueitheusithinndnniathapinbnnbansehebebenuedtnlisbnteidnininstegeatidtnhebinbnupbtesatiestineienssesdensenensesnesetntatnineiabbenentninshsnasubusssonnesnenmnanenannmnntanniael WORLD PETROLE! 




















| HYTEMPITE-Wherever Fire Brick is Used 
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Laying Fire Brick with HYTEMPITE in One of Two Heaters at Tide Water Associated Cracking 
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Plant, Avon, California. Overall Capacity 15,000 Barrels per Stream Day. Heater Operating 
Temperature 1100° F. to 1200’ F. Over 30 Tons HYTEMPITE were Used on this Contract. 


In Modern Cracking Plants 


LCO PRODUCTS, INC., refinery engineers, 
A recognize the superior bonding qualities 
of HYTEMPITE, by extensive use of this re- 
markable product for outstanding installations. 


This adoption reflects in a most impressive 
manner the judgment of a world-wide legion of 
experienced builders and operators of high tem- 
perature equipment, that HYTEMPITE is ‘The 
World's Standard High Temperature Cement.” 


HYTEMPITE is internationally used to lay fire 
brick with thin, long lasting, air-and-gas-tight 


OTHER QUIGLEY PRODUCTS: INSULBRIX 


joints of GREAT STRENGTH. Retains strength 
up to temperatures at which standard fire brick 


soften and fail .. every joint equal strength— 
no pulling away ... makes uniformly bonded 
walls—no cracks, no shrinkage .. . bonds all 
the way through joint . . . does not disintegrate 


or crumble out... air-sets at normal temperature 
... withstands sudden temperature changes... 
defies vibration of modern operations... has 
easy to work 
... saves time and labor. . cuts construction 


superior spreading qualities ... 
and maintenance costs. 


INSULBLOX INSULAG 


INSULCRETE + Q-CHROME + Q-CHROMASTIC + SPECIFICATION FIRE BRICK 
MONO-LINE + ACID-PROOF CEMENTS - HEARTH-CRETE + CAST-REFRACT 


TRIPLE-A PROTECTIVE COATINGS 


QUIGLEY COMPANY nc 


Q-SEAL - DAMIT +: ANNITE 


56 W. 45th Street, New York, N. Y. 
Makers of HYTEMPITE, “The World’s Standard High Temperature Cement” 


Distributors with Stocks and Service in Important Industrial Centers throughout the United States, Canada, and in 32 other countries. 


In Canada, Quigley Company of Canada, Limited, Lachine, P. Q. 
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MERCO NORDSTROM VALVE COMPANY 
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PITTSBURGH EQUITABLE METER COMPANY 


PITTSBURGH, PENNA., U.S. A. 


Representatives 


Manufacturing Licensees Representatives and Licensees Representatives and a 
South and Central America Mexico Europe, Africa, Australia, Canada and Newfoundlate 
THE ARMCO INTERNATIONAL CORPORATION FUNDICION DE FIERRO DE TORREON, S. A. Southern Asia PEACOCK BROTHERS. u 
Calle Reconquista, 336 TORREON, COAH AUDLEY ENGINEERING CORPORATION University Tower Building 
BUENOS AIRES, ARGENTINA EXICO NEWPORT, SHROPSHIRE, ENGLAND 


MONTREAL 
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V ‘—_ conditions, pressures, temperatures, 


and velocities all have a bearing on the selection 
of the most economical Condenser Tube alloy. 
After all factors have been taken into consider- 
ation, the alloy selected should most certainly 
be the one that will give the greatest service per 
dollar of cost. 

Between the most extremely corrosive con- 
denser service...and the most favorable. ..there 
isa wide range of operating conditions which de- 
termine the most economic condenser tube alloy. 

With a rich background of metallurgical ex- 
perience and years of familiarity with the practi- 
cal aspects of condenser operations, our Tech- 
nical Department is unusually well equipped to 
cooperate with you in selecting the most suit- 
able alloy. The Anaconda line of Condenser 
Tubes is complete and includes many different 
alloys to meet all requirements. 


The latest and most advanced method of 
making Condenser Tubes 


The extruded, rolled and drawn method of making 
condenser tubes is the latest of many condenser 
tube developments introduced by The American 
Brass Company. From the standpoint of cleaner, 
smoother surfaces plus more uniform small grain 
size, it produces tubes superior to those made by 
any other method. As standard practice, this new 
process is used to fabricate Red-Brass, Super- 
Nickel, Ambrac, Ambraloy 927 (aluminum 
brass) and Admiralty. 


Write for free booklet 


For complete information and data on all Anaconda 

Condenser Tube Alloys and various methods of manu- 

facture, write for copy of Anaconda Publication B-2. 
The list below shows the wide range 

of condenser tube alloys regularly fur- 

nished byThe American Brass Company. 


COMPOSITIONS OF ANACONDA CONDENSER TUBES 


Alloy Copper Sc Nickel Go Zine % Aluminum G% Tin % 
SUPER-NICKEL 701 70 w 0 0 
CUPRO NICKEL 712 sO 20 0 
AMBRAC &50 75 20 5 ( 
AMBRALOY 927 76 0 
ADMIRALTY ALLOY 422 70 0 
85"" RED-BRASS 85 0 
70-30 BRASS 70 
MUNTZ METAL 60 
COPPER, DEOXIDIZED 939 99.9 Phosphorus, 0.02% 
COPPER, ARSENICAL 945 99.7 Ar 


onic 0.25% 


The above figures are approximate only 





EXTRUDED — Ar this first stage a 

heavy-walled tube has been ex- 

truded from a pierced billet. Grain 

Structure 1s Coarse, but surfaces are 

smooth — free from scratches or 
other imperfections. 


ROLLED—Cold rolling the ex- 

truded tube over a mandrel com- 

pletely changes the grain structure 

throughout the entire cross section 

of the tube. Smooth inside surface 
is retained. 


THEN DRAWN — After drawing to 
final size, alight electrical resistance 
anneal alters grain structure to the 
small size so essential to satisfactory 
performance. Surfaces still smooth. 


ABOVE MICROGRAPHS SHOW MAGNIFICATIONS OF 150 DIAMETERS 


THE AMERICAN BRASS COMPANY, General Offices: Waterbury, Connecticut 
Offices and Agencies in Principal Cities.. In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont. 
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Pyatakov oil refinery—one of Baku’s largest— 
reflected in the waters of the Caspian Sea. 


Putting the finishing touches on a new cracking 


reforming unit at Baku. 


SOVIET REFINERY 


Construction Enters Third Phase 
By J. Wegrin 


‘Finding Themselves Possessed of 
A Few Obsolete Plants After the 
Revolution The Soviets Relied on 
Imported Plant and Technical 
Experience to Build Adequate 
Refining Facilities Until 1932 
When Extensive Importation Was 
Stopped. Today Russia Again 
Finds It Necessary to Call on Out- 
side Sources for Modern Proe- 
@sses, Efficient Design and Re- 


liable Refinery Materials. 


ANNUAL REFIN 


ERY ISSUE 1937 


Prior to 1928 all reconstruction in the 
Russian refining industry consisted of 
domestic modernization of installations 
taken over by the Soviet government from 
private owners after the revolution, plus 
a small amount of German equipment. 
Large orders for refining equipment were 
placed in the United States, Britain and 
Germany during the period from 1928 to 
1932. These purchases included atmos- 
pheric, atmospheric-vacuum and_ high 
vacuum plants from Graver, Foster 
Wheeler, Badger, Alco and Max Miller; 
cracking units from Vickers and Winkler 
Koch; and shell batteries and pipe stills 
from Pinch Borman Wilke. 

This period of reconstruction and major 
new refinery building was almost completed 
in 1932, when it was decided to cease 
importations from abroad and to replace 
obsolescent equipment, with a few ex- 
ceptions, with that of domestic design 
and construction. The Soviets considered 
that they had obtained sufficient technical 
assistance from other countries and that 
the new refineries already erected in Russia 
by overseas contractors would serve as 
models for further units desired. 

During subsequent years Russian refinery 
engineers used these plants as guides to 
further construction, and in some cases 
the original types were modified. An ex- 
ample of such modification is that of 
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Winkler Koch cracking units revised to 
two furnace cracking operations. Attempts 
were likewise made to design domestically 
a vapor phase cracking installation, while 
construction of liquid-vapor phase cracking 
plants was undertaken. 

By 1935 the Soviet oil industry listed 
among its refining facilities 36 shell still 
batteries, 30 pipe stills, 32 lubricating 
oil installations, and 34 cracking units, 
capable of processing an aggregate total of 
853,250 bbl. of both raw and topped crude 
daily. 

The Second Piatiletka provided for the 
installation during the five years of 46 pipe 
stills and 93 cracking units, to be dis- 
tributed over the country with a view of 
bringing refining nearer to the industrial 
points of consumption. No refinery con- 
struction was completed during 1933 and 
1934, but during 1935 an appreciable 
amount of work was done. Four com- 
bination atmospheric-vacuum installations, 
with a total capacity of 117,000 bbl. of 
crude daily, were built at Baku. Three 
were of Alco design and one was a Badger 
unit for lubricating oil production. Four 
Soviet-designed Winkler Koch-type crack- 
ing units of 11,200 bbl. capacity were 
also erected at Baku. A skimming plant of 
domestic design and an Alco combination 
atmospheric-vacuum plant with 12,000 
bbl. crude oil capacity were built at Ufa, 
while a similar unit of the same capacity 
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RUSSIAN REFINING INSTALLATIONS IN 1935 














Above, general view of the Batoum refinery; below, Soviet cracking plant at Baku, showing the rectifica- 


Tere a oo 
e . 
acted) 


rth 


was designed by Soviet 
erected at Orsk. Four 


engineers ap 
cracking units 
built to Soviet designs based on Wink 


Koch plants, were installed at Grom 
to treat a total of 14,000 bbl. daily anj 
two similar units were constructed 
Saratov with a total input of 7,000 bi 
per day. Some of these installations wer 
not finished in time to come on stream 
during 1935, but were completed in 19% 
According to original plans very «- 
tensive refinery construction had _ bee 
intended to take place during 1935, bu 
compared with the schedule only a smal 
proportion was actually undertaken. Cruc 
oil production was not as great as ant: 
cipated, and the domestic machine shops 
were not in a position to cope with re. 
quirements. The new refineries woul 
have necessitated more than 100,000 ton 
of equipment and 800,000 ft. of pipe. 
Likewise, great plans were laid for 19% 
but much of the construction had tok 
held over for completion in 1937. Cor 
struction during 1936-1937 included t 
Soviet-designed atmospheric-vacuum it 
stallations, with an annual throughput 
of 14,000,000 bbl., and four Soviet-designe 
cracking units, capable of treating # 
input of 3,000,000 bbl. per annum, at Baku 
Four two furnace cracking units of Russi 
design were erected at Grozni. An atmo 
pheric-vacuum plant, annual capacity 5 
500,000 bbl., and two cracking plant 


RUSSIAN REFINING INSTALLATIONS IN 1937° 


Location Shell Pipe Lube Oil Cracking Total In- Daily Shell Pipe Lube Oil Cracking Total In- Daily 

Stills Stills Plants Units stallations Capacity Stills Stills Plants Units stallations Capacity 
16 12 16 a 48 330,000 bbi. 15 20 16 16 67 465,000 bbi. 
1 4 1 6 12 96,000 bb:. 1 8 1 6 12 96,000 bbl. 

7 9 3 14 33 300.000 bbi. 7 3 24 43 373,000 bbi. 
1 2 _ 2 5 52,500 bbi. 1 2 _ 2 5 52,000 bbi. 

2 1 _ _— 3 22,000 bbi. 2 1 ms — 3 22,000 bbl. 

4 1 1 1 7 12,500 bbi. & 1 1 1 7 12,700 bbl. 
_— ~ 1 — 1 5,000 bbl. ~ — 2 - 2 7,000 bbl. 
2 _- _ _ 2 3,500 bbi. 2 _ _ — 2 3,500 bbl. 
_ - _ 1 1 4,000 bbi. oa = — 1 1 3,000 bbl. 
_ _— 6 6 21,000 bbi. _ _ _ 10 10 38,000 bbl. 
1 _ — — 1 1,250 bbl. 1 _ _ 2 3 9,750 bbl. 

1 — ~ _ 1 1,250 bbl. 1 _ — 1 2 5,800 bbl. 
~ 1 — — 1 3,000 bbi. 1 1 _ — 2 1,750 bbl. 
1 _ —_ _ 1 1,250 bbl. 1 — _ — 1 5,700 bbl. 
— _ _ _ —_ _ 1 _ 2 3 17,500 bbl. 
_ _ - _ _ — 2 _ — 2 12,000 bbl. 
om — —_ a -_ a =m om om 1 1 4,000 bbl. 
— — _ — — — _ _ 1 1 4,000 bbl. 

Bl Ball ae Bat a a aa ed = oi ee A 
36 30 22 34 122 853,250 bbi. 36 41 23 67 167 1,132,700 bbl. 
*October 
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2,100,000 bbl. capacity per annum, were 
constructed to domestic designs at Orsk. 
Two combination atmospheric-vacuum in- 
stallations, each of 3,500,000 bbl. per year 
capacity, were built at Ufa—one to Alco 
designs while the other was a Soviet job. 
Two Soviet dual furnace cracking units 
were built at Saratov, having a total 
throughput of 3,500,000 bbl. yearly, and 
a similar installation was constructed at 
Moscow to treat 1,275,000 bbl. per annum. 
A cracking plant capable of treating 1,- 
275,000 bbl. per year was erected at 
Berdiansk, and another of similar Soviet 
design and the same capacity was put up 
at Kherson. A two furnace asphalt cracking 
unit was constructed at Odessa, also to 
treat 1,275,000 bbl. yearly. Contracts made 
with the Univeral Oil Products for Dubbs 
plants are reported to include at the Soviets’ 
disposal both technical assistance and 
working drawings. An order was placed 
with Lummus for a solvent extraction 
plant, using furfural, for lube oils— 
the Soviets themselves designed and con- 
structed a furfural plant, which is de- 
scribed elsewhere in this issue. 

Soviet cracking technique has been 
developed along the three methods: (1) 
low temperature cracking under high pres- 
sure, or liquid phase, which transforms 
large quantities of crude stock to light 
motor fuel; (2) high pressure cracking, 
or reforming, to improve quality of light 
motor fuel; and (3) cracking at high tem- 
perature and low pressure, or vapor phase, 
to yield high octane gasoline and large 
quantities of unsaturated hydro-carbon 
gases. The hopes built-up on vapor phase 
cracking were unjustified. Cost of operation 
became exorbitant without assuring stab- 
ility of the end product and Russian en- 
gineers soon realized that tetraethyl lead 
could improve antiknock value of gasoline 
at less expense than cost of vapor phase 
cracking and reforming. Reducing has be- 
come an important process in Soviet 
refining; it was designed to lower the 
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Cracking installation at the Saratov refinery, on the Volga river—one of the more modern 


enterprises of the Soviet government. 


Russian Production And Run To Stills 1934-1937 


(Barrels) 


1937 1936 1935 1934 
Crude oil output: 


rere 426,800,000 
ee 180,000,000* 


*Preliminary estimate. 








——— 


ee 








SS 


| 
| 





viscosity of boiler fuel and is being em- 
ployed today as a preliminary operation 
for deep cracking. 

It was intended under the Piatiletka 
to raise the proportion of cracked gasoline 
to straight run gasoline produced in Russia 
from less than 20 percent in 1933 to at 
least 62 percent in 1937. It was anticipated 
that, of the cracking installations to be 
erected by the latter year, at least 90 
units would be of liquid phase type and 


not less than 130 units of the vapor phase. 
This was rather premature, as their as- 
pirations did not materialize. 


Refinery Requirements For Second Piatiletka In 1937 


Tons Percent of Total 
Gasoline....... 6,000,000 15.9 
Ligroin.... ; . 2,100,000 5.5 
Kerosene...... . 7,000,000 18.6 
Lubricating oil . 2,100,000 5.5 
Diesel oil. . . 5,500,000 14.5 
OE re 11,000,000 29.1 
Asphalt... ; . 1,000,000 2.7 
Other products . 3,100,000 8.2 
ER .37,800,000 100.0 


FURFURAL SOLVENT REFINING 
IN Uw. §. Ss. R. 


Sreapy GRowTH of Soviet motor trans- 
port, aviation and motorized agricultural 
equipment during the past few years has 
necessitated the production of lubricating 
oils of better quality—in increased volumes. 
Although it has been possible to increase 
the quantities produced, there has been a 
marked delay in improving the grades of 
oil turned out. Soviet refiners have too 
long tended to avoid introduction of im- 
proved technique, in the belief that inher- 
ent superior quality of Russian crude for 
lubricant manufacture rendered it un- 
necessary and that the gain, if any, in 
quality would be offset by the dispro- 


portionate expense involved. Advent of 
automobile manufacture with steadily in- 
creased compression ratios, faster rotation 
and greater pressure on bearings have 
gradually forced a change in opinion. 

Prior to 1936 no color differentiation was 
made with lubricants for use in motor 
vehicles, and all grades had an appearance 
similar to that of fuel oil—but in that year 
changes were effected requiring motor oil 
color indices up to 3mm. (Dubosc). Vis- 
cosities were improved from 19 sec. Engler 
at 50 deg. C. to not less than 17% secs. 
Engler at 50 deg., while more consideration 
is given to viscosity curve, etc, 


Soviet technologists had become aware 
of the fact that domestic resources of naph- 
thenic or paraffin base crudes were dimin. 
ishing, and that increasing quantities of 
low grade crudes—containing aromatics, 
unsaturated hydrocarbons, asphaltum and 
sulphur—must be coped with. Ordinary 
methods of contact treatment with guj. 
phuric acid cannot produce a high grad 
lubricating oil from these poorer crudes 
aside from which the acid, while decom. 
posing impurities to some extent, attacks 
valuable hydrocarbons and _ lowers the 
stability of the product. 

The Soviet oil industry has had to fag 
reality and to undertake domestic develop. 
ment of the various solvent refining pro. 
esses, of which considerable laboraton 
experience had been gained by its tech. 
nologists in the past six years. Academic 
nature of such experiments, inadequat 
contact between the research institutions 
and lack of semi-industrial plants to tes 
further the theoretical results have impeded 
decisions in regard to industrial projecting 
and large-scale planning of facilities. 

When they completed an extensive stud) 
on selective treatment in 1935, leading 
to erection of an industrial installation a 
the Stalin group of refineries in Baku, E 
Prosumentic and B. Ribak of Baku gave 
consideration to the following require. 
ments of a solvent: selectivity and solu- 
bility, stability against oxidation, boiling 
point, latent heat of evaporation, vapor 


Flow chart of installation for selective treatment of lubricating oil, designed by M. D. Sandler and M. Kantznelson of 
Baku: 1, Pumps for raffinate; 2, storage tank for raffinate solution; 3, settling tank for extraction; 4, recycling tank; 5, 
cooler for extraction solution; 6, tower for extraction; 7, submerged cooler for furfural; 8, heat exchanger for input; 9, 
steam pumps for input; 10, heat exchanger for raffinate; 12, tower for raffinate; 13, centrifugal pump for residue; 14, 
cooler for raffinate; 15, receiver for raffinate; 16, cooler for furfural reflux; 17, pump for raw extract solution; 18, fur- 
nace for extract; 19, tower for extract; 20, centrifugal pump for regeneration of extract solution; 21, steam pump for 
extract; 22, receiver for extract; 23, centrifugal pump for regeneration of extract solution; 24, heat exchanger for steam 
distillate; 25, tower for diluted liquid furfural; 26, centrifugal pump for diluted furfural; 27, separator for diluted 
furfural; 28, centrifugal pump for reflux; 29, condensing cooler for diluted furfural; 30, tower for furfural; 31, con- 
denser for vapor from gas exit; 32, receiver for regenerated furfural; 33, centrifugal pump for stirring regenerated furfural. 
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pressure, corroding properties, toxicity, 
solubility in raffinate, solubility in water, 
and percent yield of raffinate. Stress was 
laid on meeting the demand for such a 
solvent as may be supplied from domestic 
raw materials, and therefore furfural was 
decided upon. 


Type of Furfural Used in Soviet Refining 


point at 760 mm. mercury............... 162 deg. C. 
ade neceecsoseeesencts -37 des. C. 
Specific gravity at 15 des | SE ree 1.164 
Latent heat of ev: Mie icavseeustaeeeaced 109.5 Cal 
Flash point, ¢ wie penkeackareuesewe 59 deg. C. 
Critical temperature... 222 e eee e cece ees 397 deg. C. 
Cellieal pressure... 2 eee eee e eee eens 54 atmos. 
Solubility in water at 38 deg. C..............-.. 8.96 percent 


Basic shortcomings of this solvent are 
its solubility in water, making it difficult 
to separate from the vapor condensate, 
and its tendency to become acid, requiring 
thorough hermetization from the influence 
of air. The advantage of higher yields of 
raffinate as compared with other solvents 
and abundance of domestic raw materials 
for its manufacture led to the decision to 
choose furfural. 

The original design called for horizontal 


extract mixers and vacuum towers. Having 
(Continued on page 171) 


JAPANESE EXPANSION 
of Refining Facilities 


By Morio Otaki 


aran consumes about 28,000,000 bbl. 
of petroleum products annually. Of her 
total consumption, the Empire supplies 
nearly 2,800,000 bbl. or only 10 percent, 
while overseas supplies must be depended 
upon for about 90 percent of the national 
demand. Over 30 percent of Japanese 
receipts are imported in the form of crude 
while about 69 percent is delivered as 
finished products. Refineries handling im- 
ported crude are designed on a larger scale 
than those engaged in refining domestic 
crude. Most exceed 2,300 bbl. daily capac- 
ity. The capacity of refineries handling 
domestic crude is more restricted, and few 
reach the 1,900 bbl. mark. 

Most refineries handling imported crude 
were erected in recent years, and are 
equipped with modern facilities such as 
pipe still distillation plants and cracking 
plants. Older refineries are continuously 
being modernized because the oil industry 
is a cardinal factor in the national fuel 
policy. Some of the pipe still distillation 
plants in general use by the domestic 
refining companies include Foster Wheeler, 
Badger and N. N. C. for treatment of 
crude oil; Kellog and N. N. C. for dis- 
tillation of heavy oil; and Dubbs, Cross, 
N.N. C., Kokura, Schwalz and the Gyro 


| for cracking, and Smith-Resley for re- 
| forming gasoline. The capacity of those 


Pipe stills has expanded remarkably in 
recent years. Domestic pipe stills like the 


/N.N.C. and Kokura, devised and erected 
| by Japanese engineers, have been showing 





cilia: 








excellent results. Under the circumstances, 
| it is likely that distillation plants to be 


erected in Japan will, in future, become 
completely Japanese. A similar tendency 
has been featuring orders for distillation 
quipment for coal tar and oil shale. 
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As the result of the operation of the 
Petroleum Industry Control Law, the gov- 
ernment control over the different branches 
of the petroleum industry, activities such as 
refining, importing of crude oil, and mar- 
keting of finished products, has been 
greatly strengthened. Apparently due to 
this new development, domestic petroleum 
companies have begun to place an equal 
emphasis upon improvement in quality of 
finished products as upon increase in the 
volume of production. Under impetus of 
the government liquid fuel policy, many 
domestic companies have commenced ac- 
tivities for the expansion or improvement 
of their refining facilities. Three new large- 
scaled refineries have come on stream since 
the latter part of 1936. One of the trio was 
the refinery of Hayama Oil Company, 
erected at Funakawa, Akita Prefecture. 
This refinery, which handles crude avail- 
able from the Omonogawa oilfield, was 
completed in October and commenced 
operation in November, 1936, The second 
was the Kwansai refinery of Japan Oil 
Company. It was completed and on stream 
in June, 1937, and has a daily refining cap- 
acity of 2,300 bbl. Largest of the three was 
the refinery of Chosen Oil Company, 


The continuous gasoline 

plant at Tsurumi refin- 

ery, Japan Oil Com- 
pany. 


placed in operation in August, 1936 
Erected on a site covering some 1,080,000 
sq. ft. at Genzan, Korea, this refinery 
has a daily refining capacity exceeding 
4,200 bbl. Chosen Oil Company was estab- 
lished in June, 1935, with the object of 
making the Chosen peninsula completely 
self-supplied in petroleum products. 

Apparently in support of the national 
fuel self-sufficiency drive, the Ministry of 
Commerce and Industry issues licenses 
promptly to oil companies authorizing 
them to expand existing refining facilities. 
Since the start of the second half of 1936, 
the Ministry has issued about six permits 
for the erection of 
facilities. 

Mitsubishi Oil Company has started 
work on the expansion of its distilla- 
tion plant 628,600 bbl. 
increase in its annual gasoline production, 
while Hayama Oil Company has com- 
menced construction of an addition to 
its topping plant in order to expand its 
annual gasoline production by 125,700 
bbl. Aikoku Oil Company has obtained 
government permission to expand its top- 
ping plant by adding 81,800 bbl. to its 
annual gasoline output. Maruzen Oil Com- 
pany is well under way with the expansion 
of its topping and cracking plants. This pro- 
ject calls for an increase of 314,300 bbl. 
to the annual gasoline production of the 
company. 


additional refining 


involving a 


These schemes of refinery expansion are 
scheduled to be completed during 1937, 
or early in 1938. 

Erection of the Badger-type vacuum 
pipe still at Osaka Mineral Oil Refinery, 
reconstruction of facilities at the Hokkaido 
and Akita refineries of Japan Oil Com- 
pany, and the modernization of distillation 
equipment of the Kato refinery at Nagaoka, 
Niigata perfecture—all completed by the 
end of 1936—also served to expand the 
domestic oil refining capacity to a great 
extent. 

At the end of June, 1937, there were 66 


Japanese petroleum refineries operated 


by 53 owners. (It is believed that not all 
of these are autonomic, but that about 
half are in reality plants for treating sem- 
refined products.—Ed.) 
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Vesuvius presents an impressive backgrouni 
for Vacuum’s refinery at Naples. 


Tue vears 1936 and 1937 will be remen: 
bered as the period of the most intens 
constructive activity of Italy in the petro 
leum field. 

This activity has been an attempt ' 
realize the program contemplated in th 
Royal Decree Law of November 2, 193% 
which was converted into law No. 367 
February 8, 1934 and has been carried for: 
ward in spite of the difficulties of obtaining 
machinery and material. 

In January 1937 there was completed t# 
Aquila refinery in Trieste while the gre 
cracking plants at Venice (DICSA) and @ 





ee i . Naples (BENIT) were enlarged and ¥ 
wee: oe — i ¢ : be ready for operation in a few montls 
xd ee ~ The AGIP will operate the first and 

airy “oe o .. : Poe ; Socony-Vacuum the second. 


ee a aa en oe - eeu The year 1937 is also the period in whi 
| : will have been accomplished the great prer 

ect of the ANIC (a company created Os 

the government with participation o! ™ 

concerns AGIP, AIPA and Montecatil 
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namely, the establishment of the hydro- 
genation plants at Bari and Livorno. 
These hydrogenation plants will operate 
on various cycles, either in normal atmos- 
pheric distillation, cracking, stabilization 
and refining, or (and this will be the prin- 
cipal line), by hydrogenation in liquid and 
vapor phases. The plants have been de- 
signed for treatment both of native mineral 
oils, or oils obtained from outside sources 
under national control, particularly Al- 
banian oil, and eventually will treat prod- 
uctsobtained from the exploitation of asphal- 
tic rocks, bituminous schists, and lignites. 
The plants designed for the ANIC will 
also include facilities for solvent refining, 
yacuum distillation, and processes for 
obtaining lubricating oils and paraffin. 
Wor_p PETROLEUM has already described 
the ANIC plant in its August, 1937, number. 
Some information on the two refineries 
recently completed in Venice and in Naples, 
also the installation which is in course of 
erection at Tripoli (in the Italian colony 
of Libya) is contained in this article. Data 
relating to the other refineries will be 
found in Table 2 and the locations are 
shown on the map on page 153. 


AGIP AT VENICE 


The mineral oil refinery which the AGIP 
finished building this year at Porto Marg- 
hera is furnished with all the most modern 
machinery. This new plant represents a 
complement of the other existing plants. 
When finally expanded it will be able to 
work annually 3,500,000 to 4,200,000 bbl. 
of crude oil. 

Besides gasoline this plant will also 
produce illuminating oil and agricultural 
petrol, gas oil, diesel oil, fuel oil, tar, and 
petroleum coke. In a short time it will also 
be able to produce lubricating oil and 
parafin by means of modern equipment. 
Besides, steps have been taken for the 
rational utilization of the gases produced in 
the refinery. Among such products will be 
liquid butane and propane, and other prod- 
ucts of interest to the national industry. 

The construction and the management 
of this plant have been confided to a 
company formed for the purpose, and with 
which the AGIP has made a contract re- 
garding the furnishing of gas. The storage 
capacity for raw materials is about 160,000 
cu. meters. Storage for finished products 
amounts to about 32,000 cu. meters and 
storage for products in process of manu- 
lacture is 8,000 cu. meters. Ample facilities 
have been provided for the arrival and 
departure of raw materials and finished 
products by a connection with the Vittorio 
Emanuele Canal, where two large tankships 
can load or unload at the same time. 

“en ew. which the Socony-Vacuum 
pany has built at Naples, through 
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Extension and modernization of Italian refineries has probably reached the peak of 
activity—Naples refinery of Socony-Vaccum. 


its Italian subsidiary the Soc. An. It. 
Vacuum Oil Company, represents an en- 
largement of a pre-existing refinery built by 
BENIT and which has been operated for 
five or six years with two Dubbs cracking 
units. It will have a working capacity of 
1,400,000 bbl. of crude oil per year, from 
which the following products will be 
obtained : 

595,000 bbl. of gasoline (including 85,000 

bbl. of aviation gasoline). 
100,750 bbl. of refined kerosene. 
130,500 bbl. of special lubricants. 
362,500 bbl. of gas oil. 

No limit has been placed on the production 

of fuel oil. 

This large plant will cover an area of at 
least 2,500,000 sq. meters. It will receive 
crude oil through a three kilometer pipeline 
which has already been built and which 
extends along a road reaching to the port, 
and ends on a large, wide dock which will 
give ample accommodation to 15,000 to 
20,000-ton tankships. This refinery began 
full operation in September 1937. 


A.C.1.0.M. AT TRIPOLI 


This refinery is being built on ground to 
the east of the city in a locality ideally 
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suited for an oil plant. The plant and its 
accessories will cover an area of about 
400,000 square meters along the old wall 
of the city, at an elevation of about 12 | 
meters above sea level. 

The principal approach to the refinery is 
along the great Libyan shore road, which is 
the highway backbone of the colony and 
will permit rapid distribution of the prod- 
ucts by tank cars and trailers. 

A series of four pipelines about 2,500 
meters long will connect the refinery with 
the dock where the tankships discharge the 
crude oil, and where finished products can 
be dispensed to lighters in the port. 

The annual working capacity will at first 
be about 730,000 bbl. of crude, with a 
possibility of a quick increase to 1,095,000 
bbl. 


The complete installation will comprise 
distillation, cracking, re-distillation and re- 
fining units. There will be 48 storage tanks 
with a capacity of about 54,000 cubic 
meters for crude and finished products. The 
central electric plant will have a capacity 
of 4,000 kw. per 24 hours with a reserve 
plant and two transformers. Three boilers 
will have a capacity for producing 11,000 
tons of steam per hour. The amount of 
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metal which will go into the construction 
is about 3,000 tons. Roads and passages 


TABLE | 
Petroleum Refineries in Existence in Italy in 1931 


within the plant will have a combined wn Copttel } ew 4 
length of 1,500 meters. The combined of Control Refinery Location (Lire) Equipment Ln 
7 i GAP. ffineria Olii Distillation and refi 
supply of fresh and sea water will amount A.G.LP. Raffineria Oli Distillation end refi 
to about 15,000 liters per minute. The neces- (ROMSA) Fiume 25,000,000 Manley cracking 60 
sary pumps and electric motors will number STANDARD OlL _Raffineria Triestea Trieste 10,000,000 Distillation and re- 50,000 
S.A. ning 
about 50. Among the important repainted STANDARD OIL _—SocietiPetrolifera Fomovo 25,000,000 Disilaion ofnational 3,000 
ins i i i r 7 taliana ‘aro (Parma crude (side line 
nacematione 6 Ge ee are ded =e ROYAL DUTCH Soc. perl" Industria Spezia 25,000,000 Cracking plant for oil 70,000 
ration and purification of combustible gases SHELL italiane del Petro- residues (2 Dubbs 
. . ° 

for local use, with particular reference to INDEPENDENT Soc. Distillazione Venice 15,000,000 Cracking plant for oil 30,000 

ot ° . Italiana Comb. residues (1 Dubbs 
obtaining butane and propane which will unit) 
be compressed in drums for domestic and PETROLINA Di Soc. An. Benzina Naples 15,000,000 Cracking plant (2 70,000 
‘ : . BRUXELLES Italiana (BENIT) Dubbs units) 
industrial uses even in remote places. Other INDEPENDENT Soc. An. Petroli Fiorenzuola 14,000,000 Distillation of national 3,000 
H : d'italia *Arda crude (side line) 
important features are a chemical labora- (Plecenza) 
tory, a machine shop, a central pumping 
station, a central heating station, loading of the imperial economy, has now been supply the needs of the 


platform and a station for the road trucks _ well begun. 
and trailers by which a large proportion of 
the products of the refinery will be trans- 
ported to different parts of the colony. 


A report on the progress of the con- 


TABLE Il 


“Plans havirig been finished we are now 
proceeding to acquire the land whereupon 
we shall proceed with the building work. 
The plant has been designed not only to 


Situation of Italian Petroleum Refineries in March 1937 


Character of 
Group Name, Office Location Operation 
and Capital of Plant and Plant 
enda Generale Porto Fe weer —y~ “li 
ftsliona, Petrol (AGIP) Marghera bbs cracking units 
AGIP Rome L. 300,000,000 (Venice) 
Raffineria Olii Minerali Fiume Diesiiotien, Refining 
S.A. (ROMSA) Fiume and Holmes-Manley 
,000, cracking unit 
A.G.LP. Azienda Nazionale Bari Complete operating 
A.LP.A. Idrogenazione Com- and plant including hydro- 
MONTE- ay (ANIQ), Milan Livorno genation 
CATINI L. 500,000,000 
SOCONY Soc. Raffineria di Naples pea Refining, 
Vacuum Napoli Rome L. ” uo-Sol 1 Process, 
(New York) 000,000 Dubbs cracking units 
Soc. Italo-Americana Trieste Distillation and refining 
pel Petrolio Genova L. 
,000,000 
STANDARD 
(New Soc. Petrolifera Italiana Foronovo Distillation of national 
Jersey) Fornovo Taro (Parma) L. aro crude 
25,000,000 (Parma) 
ROYAL Soc. per l'industria Spezia 2 Dubbs cracking units 
DUTCH Italiana del petrolio 
SHELL (INPET) Genova L. 45,- 
000,000 
_ Societa’ Aquila” Trieste Zaule Distillation, Refining, 
L. 25,000,000 (Trieste) Foster Wheeler-Borsig 
tefining with Edeleanu 
solvent 
AZIENDA Raffineria di Olii Tripoli Distillation, refining 
COMMER- Minerali per l’Africa and cracking 
CIALE del Nord—(R.O.M.A.- 
BaAna N.A.) L. 10,000,000 
MINERALI 
S.A. 
PETROLI Petroli d'Italia Milan Fiorenzuola Distillation of national 
D'ITALIA L. 14,000,000 d'Arda crude 
(Piacenza) 
A.B.C.D. Reloads ABCD Rome Rome Comins on oil from 
L. 10,000,000 tock asphalt 


Approx. Capacity 
in tons crude 
a year (1) 


450-600,000 


120,000 


370,000 


200,000 


160,000 


20,000 


100-120,000 
petroleum 
tesidue 
300-400,000 


100-150,000 


5-10,000 


to engage in exportation.” 


vations: 


CONCLUSIONS 


An examination of the accompanying 
tables will allow some interesting obser. 


Products 
Gasoline, k 
gas oil lubricating 
y~ Paraffin and 
aed lubricating 
Gasoline. 


Gasoline Diesel oil, 
coke. 

Gasoline, j 
etc, sada 


Gasoline, gas oil, 
etc. 
Gasoline. 


colony but als 


The extraordinary development of the 
Italian petroleum industry will be seen by 


comparing table 
II (of 1937.) 


History 


Has been cracking for 
several years; the other 
plants will operate in 
1937 


At work from 1882 with 
cracking since 1929. En- 
largements in process of 
installation 


I (dated 1931) with table 


The production figures for various petro- 
leum products obtained by Italian refineries 
from 1932 to 1937 (table III) shows the 
large increase of activity which occured in 


In course of construction 


~ been cracking for 5-6 
ars other equipment to 
be ‘installed in 1937 


Operating since 1892 


Operating for many 
years 


Shut down pending de- 
cision to enlarge for com- 
plete cycle 


Operating since January 
1937 


Projected; to be built by 
March 1939. 


Has been operating for a 
decade 


~~ cea are pro- 


1) The working capacity of the plants is usually understood as the quantity of crude eo oy which it is possible to work during the year. 


The figures are eperosanete and in most cases indicate the maximum capacity, especiall - | 


As regards yields of finished products it is to be noted that with the same quantity 


as regards the smaller 
crude put in operation the yields will be quite 


different according to whether the plant is operating wich aaah distillation equ — or — the plant is equipped for cracking or 


hydrogenation; the gasoline yields will therefore be 20, 40 o7 80 percent from 
NOTE. reer data is not yet in hand for Neg by the above table th 


A. “Lombarda Petroli"” also of Milan 


e Societa et ‘of Milan (allied with the A.B.C.D.), the 
ie Soc. “Carbol", which have small production licenses for 1937 amounting respec- 


Selly to 19,000 tons (of which 12, 000 are for bitumen) 6,000 ‘and 7,500 tons annually. 


struction dated Tripoli, September 10, 1937 
reads as follows: 





1936 and 1937 whereas in the years 1934. 
1935 and part of 1936 there was a slowing 
down due to tariff complications. 

The raw materials used by the Italian 
plants have undergone a change; previously 
much fuel oil was imported for cracking 
Now mostly crude petroleum is imported 
and for this reason the plants have been 
transformed so as to work a complete cycle 
(in 1936 about 2,100,000 bbl. of crude were 
imported). 

The principal groups operating in Italy 
are government companies (AGIP-ANIC.. 
Table IV which gives the distribution 0! 
operating licenses for 1937, does not yet 
include the ANIC. 

When the ANIC begins operating in 1938 
it will evidently have a large production 0 
gasoline and certain other products in exces 
of domestic requirements, and will have t0 
resort to exportation; a similar situation 
already confronts the Aquila. It is al 
evident that this situation will continue 
restrict the importation of finished product: 


TABLE Ill 
Initial Production of Tri i . , 
eth poli Refinery a Production of Italian Refineries 
Aviation gasoline. idtideshanneened ou 255 Lubricating 
ios —: Sa ile apeiaeeicieagneh i 94 Year Gasoline Refined GasOil Oilsfor FuelOil Paraf- Petroleum Petroleum 
EEE? °° 4 4 09 IS Se rc cana w oes oo 4 Kerosene Different fin Bitumen Coke 
Solvent sae. « vine oneuicene ee = Uses 
Kerosene. oe ‘ 
Ga - ‘$90 ~— 7 
SRS Rt pete itinns 1932. 156,873 42,641 23,387 21,938 127,458 655 11,557 31,65 
MOR o's sd hwekiccnveonenedans 25 SRR: 163,021 42,185 22,681 25,099 138,780 775 13,836 34,424 
ec Hee a Be a Bee EE ae 
“eé ° 2 - @8&=——”— oe i eee P, f ’ 'e * ’ 
The work of constructing the Tripoli 1936. ree 30,398 41 43 38 ai 20,795 109/903 593 5,371 26,620 
y inh : ae mos.)..... i 1 13,012 48,59) 363 26,55 
refinery, which is one of the first objectives 1937(7mos.).... 139,471 55,305 5o838 28,696 158/036 208 ‘403 «17,271 
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‘ato Italy, and these imports will be re- SWITZERLAND 5 















placed by the importation of crude oil and a oe. 8 SS ag en nae a AUSTRIA 
a. (oer Sonsse LA SU 9 

, Standard Oil Co. of New Jersey, which in cd como { 

rosene, Italy had only a small refinery at Trieste, Ewen 

im and is adjusting itself to this transformation D3 

feating ‘a the Italian market by re-organizing its f , 


own extensive sales system in Italy by an 
agreement with Socony-Vacuum, which will 


fm 
— 


nr assign to the Standard Oil the products of 
as oil, the Naples refinery. 

Petrolea, a company created by Russia 
as oil, and later bought by the Fiat automobile 


concern, has no operating plant in Italy. 
Russian oil products are destined to dis- 
appear from the Italian market. Roumania 

















but als also is excluded from the operating Italian CORSICA 
oil industry. The Creditul Minier, through 
its subsidiary A.P.I.R. which now sells in 
Italy only finished products, has asked per- 
ipanying mission to establish a refinery at Livorno, Vierweesine 
g obser. but this application is not likely to be Sea 
granted because there is already a suffi- SARDINIA 
t of the | ciency of authorized plants. ITALY 
seen by Comparing the actual figures for Italian ome 
ith table consumption of petroleum products (about Showing Locations SBARI 
22,500,000 bbl.) with the figures for the \ of Refineries ~~ 
1S petro- probable operating capacity of the refineries r g me ini ™ * 
efineris | in 1939-1940 (15,000,000 bbl.) it will be ta \ 
ows the } seen that whereas the oil industry is not MOTOR HIGHWAYS 
cured in yet capable of meeting the total require- “ 


irs 1934. ments of the country, it is nevertheless 
slowing | quite able to supply more than the require- 
ments for motor fuel, due to the develop- 


Mediterranean Sea 


2 Italian ment which has been started in the use of of 

‘eviously | substitute fuel, especially alcohol. 

racking. As regards the requirements for lubri- 

mportel | cating oils these have been entirely covered. ® 





ive been There remains the field of fuel oil, of which 












































yi . 4 
etecyce | the country has a deficiency due to the 
ude were scarcity of solid fuels. 
in Italy 
-ANIC). TABLE IV 
ution 0! Italian Refinery Production and Import Licenses for 1937 
not ye AUTO AND AIR KEROSENE = WHITE SPIRIT GAS OIL AND as 00 LUBRICANTS BITUMEN TOT 
¥ ‘oF M 
PLANE GASOLINE DIESEL OIL Boilers and Furnaces — 
g in 1938 § § % gs § § & $ s 8 § § § § 
uction 0! : 5 $35 Mt : 5 : 3 : 3 : 3 3 3 
in excess E é #3t3 258 BE ¢ E ? Hy z fe B ¢ 
| have to AGIP...... { Astende Gener. Italiana 
none Petroli and S.A.Romsa.... 5,800 100,000 32,000 25,000 5,000 32,000 40,000 170,000 unlimited 11,560 6,000 .... 28,000 
Sl . . oe 
oo TOTAL “AGIP".............. 105,800 57,000 5,000 72,000 170,000 17,560 28,000 455,360 
" F (1) a) (1) 
iow [) sanoann [se Maite eee trns00  4gpy nano age Ta amo tasene etd saan. sm 
product Min cccsccs canes, ares ie we as ' 4,160 
TOTAL STANDARD.......... 128,200 46,000 oP 84,000 145,000 22,760 15,000 440,960 
ROYAL DUTCH SHELL... {Inpet...... 27,400 65,000 15,000 14,000 7,000 .... 82,000 8,000 130,000 unlimited 5.440 
TOTAL R.D.S............... 92,400 29,000 7,000 90,000 130,000 19,040 367,440 
VACUUM. . {Ralfineria di Napoli and Benit .... © 69,000) .... (13,000) (30,500) + unlimited 3,060 7,500 
TOTAL VACUUM........... Pe : tke 11,060 11,060 
SOC. AN. AQUILA—TRIESTE.....__.. bers 28,000 .... 10,000 ... 2,000 20,000 .... unlimited -... 10,000 . 12,000 82,000 
AB.CD.—Rome 
SPiRn time. ...................2. 5,000 1,000 3,000 2,000 unlimited .. 5,000 5,000 21, 
See Cemolio—Milan Dik wail aig basa 2,000 eee fe 4,000 .... unlimited 1,000 12,000 19,000 
SA loses tal 22o ooo 2,000 2.000 666 2,500 unlimited 1000 7/500 
A. ~ +P ata REET EEE ’ ’ ° ’ ¢ unin ; ' 
ial aa RAS 1,000 <2) gfo0o i 1,200 - unlimited $200 
TOTAL SMALL REFINERIES... 12,000 6,000 00 11,700 7,000 17,000 57,700 





(1) Including also production of Vacuum. 
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LLAN DARC Y— Current Construction to Eliminate 


Boiler Stills, Improve Lube Treatment 


Starting as a Simple Topping 


Plant Designed to Be a Smaller 


Edition of Abadan During the 


War, Llandarcy Is Becoming One 


of England’s Most Complete and 


Up-to-Date Refineries. 


Tue ReEFINery was laid out during the 
war as a small edition of the original 
Abadan plant with the purpose of produc- 
ing from crude oil imported from Abadan, 
motor spirit, kerosene, gas oil and fuel 
residue, together with some amount of 
lubricating oil and wax. Its original daily 
capacity was of the order of 7,000 bbl. of 
crude oil, run on a double bench of shell 
stills, the distillate from which was re-run 
on two oil-fired shell still benches. This 
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capacity was subsequently augmented by 
allocating these two redistillation benches 
to crude, by building a further bench for 
crude distillation, and by providing a 
group of steam heated stills for re-dis- 
tillation of the light distillate. This brought 
the total capacity up to about 24,000 bbl. 
per day, which amount entailed some con- 
siderable volume of reshipment as the local 
demands within economic rail car and 
road verhicle delivery were not sufficient to 











absorb all the products treated at the pla! 

The first stage of this early process co" 
sisted of distilling off in stills of Lar 
cashire boiler type some 35 percent of 
crude in the form of O. R. D. (Once Ru 
Distillate). This subsequently had to" 


redistilled to separate out the benzt 
from the heavier kerosene. The residut 
from the crude distillation was pa" 
to a residue bench where the heavy ket 


; od hil 
senes and gas oils were distilled off, wh 
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Upper left, reac: 
tion vessels in 
Anglo - Iranian’s 
Llandarcy di-iso- 
butylene plant; 
lower left, view 
of the bottoms of 
reaction vessels 
in the hydro- 
genation plant. 
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Upper right, the 
modern lubricat- 
ing oil unit shown 
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on the right side 
of the picture 
supersedes the 
shell still plant 
on the left; lower 
right, automatic 
filling and weigh- 
ing machine used 
at Llandarcy. 


the residue from this bench was redis- 
tilled on the old pitch bench to give waxy 
lubricating oil cuts with a heavy residue 
which was blended back into fuel. 

The spirit after redistillation was batch 
washed with hypochlorite solution and 
soda to give a spirit which was then satis- 
factory for market requirements; while 
the kerosene was merely filtered through 
powdered and roasted bauxite. The gas 
oil was sold untreated; the small amount of 
lubricating oil, after de-waxing by re- 
frigeration and filter pressing, was acid 
washed and clay treated in batch washers; 
while the wax was sweated and bauxite 
filtered before slabbing for sale. There 
was also a large percentage of fuel sold as 
furnace oil and bunkers. 

This was the simple scheme of operation 
on which the refinery was planned during 
the war, and commissioned in 1921 as an 
example of up-to-date plant. Since that 
time continuously increasing demands have 
been made on the refineries. of the world 
for improved products, as a result of the 
large expenditure of money and effort 
made by the industry on research and 
development. Every petroleum product, 
from aviation spirit to heavy lubricating 
oil and bitumen, has been affected in this 
way. Motor spirit has perforce been im- 
Proved out of all knowledge, and it has 
sometimes been thought out of all reason, 
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by the combined effect of competitive 
action by the producers and the increasing 
demands of engine designers. 

The volatility has been increased to 
give easy starting, yet controlled to avoid 
vapor lock in the petrol supply; its end 
point has been lowered to avoid crank- 
case dilution and to improve carbure- 
tion; and its anti-knock qualities as 
measured by its octane number, have been 
continuously and radically improved, but 
with careful watch on the gum forming 
propensities which followed the early im- 
provements in anti-knock quality. 

Aviation spirit, kerosene, white spirit 
and light diesel fuel have all followed suit, 
while in the case of lubricating oil still 
more drastic action has been taken. To 
improve the quality of a lubricant in the 
way of better viscosity index, lower carbon 
residue and resistance to oxidation, and 
greater stability, expensive chemical sol- 
vent processes have been perfected which 
have the effect of removing the unsatis- 
factory constituents of the lubricant, al- 
beit at the expense of considerable yield. 

All these tendencies have resulted in 
very great changes in the processes and 
plant at Llandarcy; so great in fact that 
in 12 months or so when the current pro- 
gram of improvements is completed 
there will be very little indeed of the 
original plant remaining in operation. 








Among the first major additions in the 
way of new plant were five large cracking 
plants, each in turn the last word at the 
time of its construction. These cracking 
plants were originally installed to increase 
the motor spirit yield by cracking fuel and 
gas oils. Subsequently it was found that 
cracked spirit had better anti-knock pro- 
perties than straight run spirit. Cracking 
‘therefore became a desirable process from 
quality considerations also, until finally 
straight spirit itself was cracked or reformed 
to improve its octane number. 

Gases from this cracking process in- 
troduced a new by-product, which was 
dealt with by new equipment in the form 
of compression and stabilization plants 
to enable gas of controlled quality to be 
sold for industrial use. Later this plant was 
improved to allow the preparation of 
liquid gases such as butane which is now 
becoming so well known, and propane for 
which new markets are being explored. 

Still more recently a special plant for 
the preparation of di-isobutylene from 
cracked gasoline, and an experimental 
plant for its hydrogenation into iso-octane 
have been brought into commission. This 
has been demonstrated as a method of 
equipping refineries to cater for the most 
exacting demands of the aircraft industry 
for special fuels. 

Quite early in the development of the 
refinery, a solvent treating plant using 
liquid SO, was installed and used to im- 
prove the quality of kerosene and white 
spirit by a reduction of the proportion 
of aromatic hydrocarbons in these products. 
Kerosenes thus refined have less tendency 
to smoke, and white spirit so prepared is 
more resistant to the repeated re-distilla- 
tion which it encounters in use. 

A Sharples centrifugal de-waxing plant 
was also provided to enable the amorphous 
wax content of the heavy lubricating oil 
to be removed by centrifuging after dilu- 
tion with naphtha and cooling. The raw 
material for this plant was obtained from 
the old pitch bench to which vacuum 
distillation equipment was added to enable 
this heavy lubricating oil cut to be dis- 
tilled off without undue amount of cracking. 

A recent decision was taken to modern- 
ise completely and extend the plant at 
Llandarcy, and in particular to provide 
the most up-to-date plant for large scale 
lubricating oil manufacture. 

The new program at Llandarcy has 
the following aims :— 

1. To replace the old boiler stills with 
efficient continuous pipe-still plant. 

To improve and extend the lubri- 
cating oil distillation and treatment 
plant so as to refine fully all the 
heavier constituents of the crude into 
the best quality and most valuable 
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lubricating oils, waxes and bitumens, 
and so reduce to a minimum the pro- 
duction of bunker and furnace oils. 

A total input to the refinery was settled 
at a figure which would in general allow 
the local market within economic rail 
car radius to be supplied with the lighter 
products such as motor spirit, kerosene, 
gas oil and light Diesel fuel, and on this 
input basis provision was made for pro- 
ducing from the residue the maximum 
quantity of high grade lubricating oils, 
waxes and bitumens. This figure of input 
was settled at about 8,170 bbl. per day. 

The first step in the new program 
consisted of the replacement of the original 
shell still distillation benches by one 
modern continuous pipe-still. This will be 
capable of doing in one operation the work 
of all the old benches which comprised five 
crude benches, one lubricating oil bench 
and two pitch benches, while occupying less 
than the area of one of them. 

This new unit, which is now in course 
of construction, consists essentially of 
three fractionating towers in series. The 
first works under pressure, the second at 
atmospheric pressure and the third under 
reduced pressure, the heat for the pressure 
tower being supplied by heat exchange 
from distillates and residues produced 
in the second and third towers, each of 
which has its own pipe-still heater. 

From this unit will be obtained the 
required ranges of motor spirit, white 
spirit, kerosene and gas oil, which there- 
after will be subjected to normal treat- 
ments in the way of acid or SO, treatment, 
and re-running in certain cases to form 
the finished products. The advantages of 
this distillation over that obtained with 
existing equipment will be the greater 
uniformity of products and the ability to 
obtain the maximum quantities of any 
given boiling range owing to the close 
fractionation obtained on the new column. 

From the vacuum tower of this new 
unit will be obtained the heavy gas oil 
and the various grades of lubricating oil 
base obtainable from the crude, with a 
bitumen residue run off continuously from 
the bottom of the column. 


By adjustment of the operating condi- 
tions such as quantity of feed, temperature 
and pressure of column, and quantity of 
reflux at various points in the column, it is 
possible to arrange for wide variations in 
the quantity and quality of products, 
and in this way to provide the flexibility 
needed to meet marketing requirements. 


The second stage in the reconstruction 
program involves the provision of a mod- 
ern solvent de-waxing and_ extraction 
plant. It was necessary to provide an ex- 
tension of the existing centrifugal de-wax- 
ing capacity, and the opportunity was 


therefore taken to provide a later and more 
satisfactory type of de-waxing equipment 
which did not suffer from the disadvan. 
tages and rather high cost of Operation 
of the existing process. 

After considerable investigation jnt, 
available processes, it was finally decide 
to adopt the Edeleanu Company’s so, 
Benzol process of solvent de-waxing which 
operates by the continuous removal through 
rotary filters of wax precipitated by the 
auto-chilling of the solvent due to evapo. 
ration induced by change of pressure. A) 
added recommendation of this process wa; 
the possibility of combining with this de. 
waxing plant a solvent extraction plan; 
utilising the same dual solvents, yiz— 
SO:-Benzol in rather different proportions 

The object of this latter plant is 
separate out from the lubricating oil bay 
the high viscosity index constituents, o; 
paraffinic bodies, from the less saturate) 
hydrocarbons. The demands of modem 
internal combustion engines have made it 
essential that lubricating oils should bk 
selectively extracted in order to retain 
only those constituents which have the 
lowest rate of change of viscosity with 
temperature, and which are also stable 
aginst de-composition and oxydation at 
the high temperatures met with in modem 
internal combustion engines. 

The amount of high class oil of this 
type is very much less than of the medium 
quality previously marketed, but whereas 
acid refining for medium quality gave 
irrecoverable losses as sludge, these new 
processes enable every quality of oil in 
the crude to be isolated and suitably used; 
thus the small amount of very high class 
lubricating oil is accompanied by quanti- 
ties of industrial and fuel oil grades, al 
of which can be recovered and used either 
alone or as blended constituents of bitu- 
mens or of industrial lubricating oils. 

The combined solvent extraction and de- 
waxing plant will be situated in one large 
building, and will contain compressors, 
vacuum pumps, mixing and_ separating 
vessels, chilling coils, rotary filters an 
the various solvent evaporators necessaty 
for the removal of the solvent after the 
separation has been completed. All thi 
plant will be sited in such a way that the 
vital control centres will be adjacent 1 
each other, so that the minimum number 
of operatives will be required; and al 
pressures, temperatures, flow rates, et 
will be indicated on a central contd 
board furnished with recording meters. 

This plant has the merit of being vet) 
efficient and extremely flexible, this latter 
feature being dependent upon the fact that 
the same solvent is used both for the d¢ 
waxing and for the solvent extractio 
process, which means that either proc 
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can come first in the sequence of opera- 
tions according to which is found best and 
most economical in practice. This plant 
has recently been ordered, and ihe de- 
tailed designs are now in course of pre- 
paration. It is expected that it will be ready 
forcommissioning in about 12 months’ time. 

A small amount of finishing treatment is 
required to complete the refining of oils 
selected by solvent extraction processes, 
or this will be provided by a continuous 
acid treating plant and a modern plant for 
the high temperature contacting of oils 
with refining clay. The acid treating plant 
which is now being considered will embody 
a system of continuous and intimate agita- 
tion of the acid with the oil and subse- 
quent separation continuously in centrif- 
ugal separators. In the final process of 
high temperature clay treatment, the oil 
will be automatically mixed with an ac- 
tivated clay and pumped continuously 
through a pipe-still where the mixture of 
clay and oil will be brought rapidly to the 
necessary temperature of about 350 deg. F. 
Thereafter, it will be rapidly cooled and 
passed through bottom-opening filter 
presses for removal of the clay. 

The lubricating oils will be passed 
through these various plants either in 
plugs of several days’ run of the required 
viscosity oil to give the desired finished 
viscosity, or alternatively, will be re-run, 
after de-waxing, in the existing vacuum 
pipe-still equipment into the various vis- 
cosities necessary to give the required 
finished grades after completion of treat- 
ment. Thereafter, the oils will be passed to 
finished storage and dispatched either in 
rail cars, or blended and packed in small 
packages in the new lubricating oil blending 
and despatch plant which has just been 
completed at Llandarcy. 


This plant is laid out as a large, well- 
lighted, unimpeded area. There is a central 
aisle containing overhead a large number 
of blending tanks fitted with steam heating 
coils and air agitation arrangements, above 
which is a series of pipes bringing the 
main grades of lubricating oil from the 
refinery storage. Switching devices allow 
the desired quantities of the various basic 
grades to be diverted into any tank, where 
appropriate blends can be made as re- 
quired. From these overhead tanks there 
are flexible pipes connected to automatic 
weighing machines which can be set to 
give a predetermined weight to any pack- 
age placed on their tables for filling. These 
illing machines vary in size from that 
required to fill a one-gallon tin up to a 
large machine for filling 50-gal. drums. 

On one side of this central aisle is the 
reception side for empty packages, and 
for receiving the returned 40-gal. drums 
for cleaning, re-conditioning and painting; 
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and on the other side of this central filling 
aisle is a large completely free area for the 
storage of filled packages waiting for re- 
moval by rail or road vehicle for distri- 
bution or for shipment at the docks. 

So much for the preparation and blend- 
ing of lubricating oils. There remains the 
heavy residue from this lubricating oil 
distillation, which takes the form of bitu- 
men. This residue can be varied in melting 
point at will by regulation of temperature, 
pressure and reflux. Normally, two main 
grades of bitumen are prepared, the first 
a low melting point bitumen containing 
some proportion of the heaviest lubricating 
oil, which is utilized as the ideal lubricant 
for the journals of the rolls of tinplate 
mills in South Wales, and is appropriately 
called Hot Neck Grease. A further quality 
of rather higher melting point is the nor- 
mal material used as the base for the 
graded bitumens used for road making, 
while still higher melting point bitumens 
are prepared and sold for special purposes. 

The preparation and collection of these 
bitumens require some special equipment, 
and the refinery has recently been pro- 
vided with gravity-fed overhead settling 
tanks, into which the hard bitumens are 
run by gravity to a depth of 12-18 in. 
and allowed to set, thereafter being broken 
up and loaded inio railway trucks run 
underneath these trays. The softer bitu- 
mens are kept warm in heated reservoirs 
and run into lagged rail cars or drums for 
dispatch as required. 

These bitumens are also used as the 
base for certain paints and mastics, while 
the working up of road bitumens by blend- 
ing with various cut backs and treating 
also requires special equipment. The new 
programme at Llandarcy involves the 
production of considerably increased quan- 
tities of bitumens, and facilities on the 
above lines are being provided for this 
larger quantity. The production of wax 
will also be increased from the present 
quantities, and increased facilities for 
the sweating, filtration and subsequent 
slabbing of wax will also be provided. 

To keep pace with these increases and 
developments, the refinery services in 
the way of water, steam and electricity 
supply have had to be augmented; but 
with the availability of electric power 
from the grid, at the advantageous prices 
which have been obtainable on account 
of the constant nature of the refinery 
load, it has been possible to plan all these 
recent extensions without any major in- 
crease in either the water or steam supply, 
and with only the provision of additional 
sub-stations, transformers, switchgear and 
mains for the additional power supply. 

All these developments have entailed 
much thought and planning on the part 





Numerous incoming lines run above the 
central isle to the overhead blending 
tanks—making possible the production 
of a wide range of products to different 
specifications. 


of the technical and development staff. 
The Llandarcy refinery is at the present 
time not operated at very large capacity, 
yet the scope of its operations and the 
number of products produced are such that 
every phase of refining activity is covered. 
The refinery therefore constitutes, in addi- 
tion to its use as a production and dis- 
tribution centre, a valuable experimental 
centre for the company adjacent to head- 
quarters, and a most valuable training 
ground for technical and operating staff. 
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S TEE LS Used in Refineries 


By E. C. WRIGHT 


Chief Metallurgist, 
National Tube Company 


Ur ro THE time of the World War the 
manufacture of gasoline was largely con- 
ducted in shell stills. These units operated 
at low pressures and temperatures and 
merely fractionated thedifferentconstituents 
in the crude oil. Recoveries of gasoline were 
low, and the quality of gasoline, with respect 
to anti-knock properties, was also poor. 
The improvements in automotive motors 
and the great increase in the use of auto- 
mobiles created an enormous demand for 
more gasoline of a superior quality, and 
this led to the development of the cracking 
process. Probably the first large commercial 
units for actual cracking of hydrocarbon 
vapors were constructed about 1918 and 
1920. These early units were designed and 
fabricated in accordance with the ordinary 
steam boiler practice, and many improve- 
ments in mechanical design and furnace 
construction have since been necessary. 
All of such earlier units were of ordinary 
low carbon steel, similar to that used in 
boiler plants. 

These first cracking still units were success- 
ful, and the growth of the cracking process 
became very rapid. Many difficulties devel- 
oped, due not only to poor furnace design 


but also to such causes as inadequate or 
unsuitable properties of the steel and defects 
associated with corrosion. It was early 
found that some crude oils could be processed 
in ordinary steel equipment without much 
difficulty, while other crudes, particularly 
those high in sulphur, had a rapid deteri- 
orating effect on the tubes and plates from 
which the apparatus was built. Develop- 
ment of the cracking art also indicated 
that higher and higher pressures gave 
superior gasoline and a greater yield of 
gasoline. Operating temperatures were also 
gradually increased until, at the present 
time, temperatures as high as 1200 deg. F. 
are employed. Since very little steam boiler 
equipment had been constructed to operate 
at temperatures above 700 deg. F., refinery 
engineers in the early stages had to design 
equipment for pressure stresses at operat- 
ing temperatures which represented an un- 
explored field. That such apparatus has 
been successful constitutes a great achieve- 
ment for refinery engineers. 

In cracking still design it was soon rec- 
ognized that the properties of steel, based 
on tests made at room temperature, gave 
little or no indication of what stress steel 


Figure 4: Battery of creep 


testing machines. 








Figure 1: Micro-section of low carbo, 
steel before exposure to high temper. 
ture service. Magnification 1,009, 


could carry at some elevated temperatur ( 
At temperatures above about 750 deg. f 


which were soon reached in cracking equip | 
ment, it was early noted that steel ued‘ 
stress tends to flow, and that every cyif ¢ 
of over-stress caused the steel to take af! 
appreciable permanent set. In crackinf  ‘ 
coils, the tubes usually swelled to aco ! 
siderable extent before final rupture totf ¢ 
place, and operators became skilled in cal 
pering the inside diameter of tubes | ‘ 
detect those which had expanded to da-} | 
gerous limits. It was also noticed that sted d 
subjected to a high temperature for alox} | 
period, seemed to become softer, and tk} ! 


well known hammer test, which is s 
used in some refineries, was convenient i 
detecting old pieces of equipment whic 
had softened in service. Examination 
numerous pieces of ruptured material fro: 
refineries by metallurgists also showed tk 
softening effect produced in service at 
demonstrated quite clearly that this w 


: F 
due to a change in the structure of thest®} 
caused by the long exposure to high tet 
perature. 


Ordinary low carbon steel as manula 
tured has a structure made up largely 
two constituents. The majority of the st 
consists of soft grains of iron, ustdl 
termed ferrite and a small amount of ine 
carbide, which is associated with the it 
in the form of minute lamellar plates. ! 
composite constituent is called pearl 
Figure one is a photomicrograph, whic® 
typical of a low carbon steel before expo 
to high temperature service. Steel with ths 
structure is usually referred to as beimg® 
the normalized state. It has been fou 
from hundreds of examinations of s* 
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mens taken from high temperature equip- 
ment that the structure of the steel gradu- 
ally changes in such a way as to cause the 
transformation of the lamellar pearlite into 
a state where the iron carbide is no longer 
in the form of plates but coalesces into 
globular masses, known as massive cemen- 
tite. Figure 2 illustrates a typical instance 
of low carbon steel which has been in serv- 
ice for several thousand hours. The struc- 
ture of the metal in Figure 2 represents steel 
which is considerably softer and has a 
somewhat lower tensile strength at high 
temperatures. The structural change, shown 
by a comparison of Figures 1 and 2, may 
progress further, for, in a few cases where 
steel tubes have been in service for periods 
of 20,000 to 40,000 hours, the iron carbide 
is finally completely broken down into 
ferrite and graphite. In this condition the 
steel is similar to malleable iron, having a 
much lower tensile strength than before; 
and, were it not for the fact that the 
original steel was quite low in carbon, the 
effect of this graphite would be even more 
pronounced. Figure 3 is a photomicrograph 
of steel taken from an actual tube which had 
been in service, subject to flame impinge- 
ment for 30,000 hours. This shows that 
almost all of the carbide has completely 
changed over to graphite. Fortunately, this 
represents a very rare occurrence, as it is 
seldom that any tube is exposed for such 
long periods of time to such a high temper- 
ature, which, in this case, must have been 
1200 deg. to 1300 deg. F. Such changes in 
structure occur much more rapidly at 
higher temperatures. In the temperature 
zone of 900 deg. to 1100 deg. F. the change 
is very gradual, but it progresses at a rapid 
rate at temperatures above 1100 deg. F. 

The change in structure mentioned above 
is not readily reproducible in the labora- 
tory, because it requires a long period of 
exposure to temperature; stress, if suffi- 
ciently high, may also be a factor. Tubes in 
a cracking coil are subjected to internal 


Figure 3: Micro-section of still tube after 30,000 
hours’ service. Carbides changed to graphite. 
Magnification 1,000. 
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pressure stress and also to a considerable 
but unknown stress due to thermal effects. 
Since cracking still tubes must have a heavy 
wall to withstand the pressure, and since 
there must be a considerable thermal gradi- 
ent through the tube wall, there are in 
service circumferential or hoop stresses. The 
stress on the outer surface of a tube is, 
therefore, often different from the stress on 
the inner surface. The combination of 
stresses, together with the exposure of tem- 
perature, seems to increase the rate of 
structural change which occurs in service. 

The conditions outlined above have led 
to a realization of the urgent need for a 
great deal of information on the properties 
of steel at the temperatures at which refin- 
eries now operate. At first this led to a 
great number of tensile tests made in 
ordinary tensile testing machines at a series 
of elevated temperatures. In such tests, 
which are now referred to as short time, 
high temperature tensile tests, the test piece 
is heated by a furnace surrounding it to 
any desired temperature and then broken 
in the testing machine while at this tem- 
perature. Hundreds of such tests have been 
run on numerous kinds of steel, but the 
results obtained in different laboratories 
varied so much that they could not safely 
be used in the design of equipment. These 
tests early indicated, however, that the 
steel actually becomes measurably plastic 
at temperatures above about 750 deg. F., 
so that it flows under a relatively low 
applied load. 

This appearance of appreciable plasticity 
of steel under load at high temperatures 
over a long period greatly interested metal- 
lurgists. A new form of testing was pro- 
jected from these observations, and efforts 
were made to determine what maximum 
load a piece of steel would sustain for long 
periods without considerable distortion. 
This resulted in the development of a test- 
ing technique which has come to be known 
as creep testing. In such tests, a specimen 
of steel is placed in a furnace and heated 
to a definite temperature. When uniformly 
heated, a fixed load is then applied, the 
load being maintained constant throughout 
the period of the test. The amount by which 
the specimen stretches or elongates under 
this condition is recorded at regular inter- 
vals for long periods of time. This elonga- 
tion is called creep, and, when the rate of 
elongation reaches a constant value, this 
can be designated as the creep rate for a 
given load at a given temperature. Tests of 
this nature extend over a period of from 
500 hours to several thousand hours; it has 
lately been found that creep tests must be 
conducted for a period of at least 3,000 
hours before the limiting creep load for a 
given creep rate can be accurately esti- 
mated. Even so, all values for creep limit 
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Figure 2: Micro-section of low carbon steel 
after several thousand hours of service. Car- 
bides in the form of massive Cementite. Mag- 


nification 1,000. 


are, in a sense, estimates, because it is 
impossible to predict at what periods during 
the life of a piece of apparatus the rate of 
creep may change. In order to arrive at 
some fairly safe basis, engineers have desig- 
nated limiting creep loads as those stresses 
which the material can sustain for periods 
of 10,000 or 100,000 hours without elongat- 
ing over one percent. Lately, creep loads 
have been more conveniently designated as 
those loads which can be tolerated with 
creep rates of .01 percent per 1,000 hours 
or .1 percent per. 1,000 hours. The latter 
figures have more meaning as they represent 
actual determinations; whereas, very few 
if any, creep tests have been extended to 
such periods as 100,000 hours (11.1 years). 

The stress values, which have been given 
to design engineers as limiting creep loads, 
are quite low, often less than 10 percent 
of the ordinary strength of the material at 
room temperature. Naturally, at such low 
stresses, the use of a large factor of safety, 
such as 5 to 1 commonly used, is impossible 
and it is also entirely unnecessary. The 
reason for this is that the limiting creep 
load is the load which the metal can sustain 
for thousands of hours with only very slight 
deformation, and a total elongation of only 
one percent per 10,000 hours is an extremely 
slow rate of flow. An ordinary steel tube 
will usually expand 25 percent to 30 per- 
cent in diameter before rupturing, and this 
makes it apparent that an elongation of 
only one percent represents flow at stresses 
which are ordinarily safe except in high 
speed machinery where very accurate di- 
mensions must be maintained. For this 
reason a factor of safety of 11% times or, at 
the most, 2 times the limiting creep load 
at a given temperature has been success- 
fully employed in design. 

It will be evident that creep tests require 
very tedious and prolonged observations. 
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Figure 6: Observer making a reading of 
elongation. 


In addition to this, extreme accuracy has 
been found to be vital in measuring the 
small increments of stretch which occur 
from day to day and also in the constant 
maintenance of an accurate temperature 
of the test piece itself throughout the whole 
period of testing. Variations of even five 
deg. C. above or below the temperature 
aimed at may alter very considerably the 
apparent rate of flow which occurs. These 
refinements were not early rocognized; as 
a result, a considerable amount of creep 
testing, which was conducted at great ex- 
pense, gave very misleading and conflicting 
information. In fact, it has only been during 
the past six or seven years that laboratories 
throughout the world have resorted to 
sufficiently precise methods and, even today, 
there are several points in this procedure 
which are controversial. 
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A picture’ of a typical modern creep 
testing apparatus is shown in Figure 4. 
Figure 5 shows auxiliary equipment, which 
is necessary for the precise control of the 
temperature of the test specimens. Figure 6 
is a close-up view of the creep testing ma- 
chines with an observer making a reading 
of the elongation which had occurred over 
a fixed period of time. These tests proceed 
24 hours a day for several thousand hours, 
and constant supervision, checking and 
observation is necessary to maintain the 
precision required if the result is to be 
reliable. It is little wonder, therefore, that 
the determination of the creep or plastic 
properties of all the numerous forms of steel 
now used in refineries has been so long 
delayed. It will still be many years before 
a complete survey of the desired tempera- 
ture range can be completed on all the 
steels which are now in use. 

The change of structure in steel in refin- 
ery equipment, which was earlier described 
has now been completely verified in long 
time creep tests. It has been found that 
creep test specimens under stress at high 
temperature for a long period undergo the 
same structural transformations which occur 
in service. More important, it has been 
found that the high temperature rigidity 
of steel decreases as the structural changes 
take place, and, therefore, a creep test 
made on a specimen of steel which has the 
so-called normalized structure will often 
yield a higher result than if the creep test 
specimen had been placed in a structural 
state which finally develops after long pe- 
riods at high temperatures. In other words, 
if a creep test is run on a specimen cut from 
a new still tube in comparison with a speci- 
men cut from a still tube which had been 
in service for a long time, the creep load 
as determined for the new tube might be 
considerably higher than that obtained on 
the used tube. This would be particularly 
evident if the creep test itself had been 
conducted for an insufficient length of time. 
Creep tests extending over a period of 500 
to 1,000 hours do not last long enough to 
permit the structural changes to progress 
as far as they do after longer periods of 
exposure. It has been very well demon- 
strated that creep tests, if continued for 
only a short period, may be quite mislead- 
ing, and that extrapolations of the result 
of a test, lasting only 500 hours, to a period 
up to 5,000 to 10,000 hours, are usually 
quite unsafe. This is particularly true of 
simple carbon steels. To emphasize this 
point, Figure 7, which shows a so-called 
family of creep curves, indicates clearly 
the effect of time on variation of the creep 
rate.” It will be noted that specimens sub- 
jected to high loads show, during the early 





1U. 8. Steel Corporation Research Laboratory. 





















































periods of the test, a very uniform rate g 
creep which greatly accelerates during the 
later stages, often resulting in fracture of 
the specimen. Extrapolation of the Creep 
load from such curves is not safe, although 
it has been frequently done in the earlier 
history of creep testing. 

The difference in structure illustrated by 
Figures 1 and 2 indicates quite clearly that 
the previous heat treatment of a Creep test 
specimen and the length of time of testing 
have an important bearing on the resylts 
obtained. Tests recently completed on Joy 
carbon boiler steel and on low carbon ste¢! 
with .50 percent molybdenum, which ; 
now being used widely, bear out this cop. 
clusion quite strikingly. For example: test 
conducted at 1,000 deg. F. on low carbon, 
open hearth killed steel in a normalize 
state have indicated a limiting creep load 
for .1 percent stretch per 1,000 hours a 
high as 6,000 Ibs. per sq. in., particularly 
when the test is not extended beyond 
500 hours. Specimens of the same steel 
heated to temperatures of 1300 deg. F. (a 
softening treatment) for long periods before 
testing, have shown a limiting creep load 
as low as 4,200 lbs. per sq. in. for .1 percent 
stretch per 1,000 hours at 1,000 deg. F. 
Quite similar results have been noted with 
recent tests at 1,100 deg. F. on low carbon 
steel containing .50 percent molybdenum’. 
The steel in a normalized state showed good 
creep resistance up to about 500 hours, but, 
when the test was extended to 3,000 hours, 
the creep rate increased markedly. After 
3,000 hours, the limiting creep stress for 
this initially normalized specimen was 
2,500 Ibs. per sq. in. Another specimen of 
the same steel, normalized and suitably 
drawn, showed a creep load as high as 
3,500 Ibs. after 3,000 hours at 1,100 deg. F. 
These values clearly show how variation in 
the prior treatment of the test specimen 
greatly changes the creep results obtained 
It is believed that creep test specimens 
should be placed in a structural condition, 
which is similar to that which develops in 
service, in order that the limiting strength 
of the material after long service life may 
be more accurately estimated. This 
is a vital factor in the design of equipment 
which is to operate over periods of severd 
years. 

One other metallurgical property whic! 
profoundly affects the flow of metals is that 
which is associated with the melting practic 
used in making the steel. Simple carbor 
steels can be broadly classified into 
distinct types, even though the chemic 
composition may be identical. One type® 





2Taken from “On the Influence of Time 2¢ 
Creep of Steels,” by White, Clark and i 
proceedings American Society for Testing 
terials, Vol. 35, Page 172—1955. 


3Private communication from U. S. Steel 
poration Research Laboratory. 
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the so-called killed steels, wherein the metal 
in the ladle is treated with deoxidizing 
agents, such as silicon, aluminum, etc., to 
eliminate entirely iron oxide in the metal. 
This type of steel is used largely for bars, 
forgings and seamless tubes. 

The other type of steel is commonly 
referred to as open steel, in that the metal 
in the ladle is not treated with sufficient 
deoxidizing agents to remove the iron oxide 
which is dissolved in the metal. This steel 
is used in considerable quantities for flat 
rolled products such as plate, strip and 
often in wire. Although the composi- 
tion of the two types of steel, as determined 
by usual chemical analysis, may be iden- 
tical, it has been found that the killed type 
of steel has considerably higher creep resis- 
tance than the open steel. For example: at 
1,000 deg F., whereas for a killed steel the 
load for a given creep rate may be over 
4,000 Ibs. per sq. in., it may be less than 
2,500 Ibs. per sq. in. for an open steel of the 
same composition. Consequently, low car- 
bon steels used for high  tem- 
perature service are usually of a killed type, 
as indicated by a silicon specification in the 
chemistry. All alloy steels are necessarily 
made with complete deoxidation, and this 
distinction is, therefore, not encountered in 
alloy steels. 

Another important feature of the life of 
steel in refinery equipment is that associ- 
ated with corrosion. Chemical activity of 
corroding agents is greatly augmented by 
high temperature and high pressure, and 
it is necessary, therefore, in estimating the 
design and life of the equipment, to take 
into account the resistance of the steel to 
corrosion by the materials being processed. 
At high pressures, the loss of even a small 
amount of metal thickness by corrosion 
greatly raises the stress in the steel. There 
have been numerous tests made in labora- 
tories and at refineries to determine the 
rate of corrosion under different conditions 
with different kinds of steel. The results 
obtained are very conflicting, owing to 
the fact that there is a wide difference 
in rate of corrosion, not only in different 
refineries, but at different locations in the 
same refinery. Figure 8 is a composite 
picture of the corrision rate of steels with 
Various chromium contents in four different 


locations. Some of these tests were con- 
ducted in refinery oil streams, while others 
took place in laboratories. These curves 
are only generalizations of the average 
results as reported by several different re- 
fineries; they indicate only the trend of 
what might be expected at any certain 
location. In these cooperative tests, iden- 
tical test specimens in different refineries 
showed corrosion rates varying as much as 
100 percent. That this should occur is to be 
expected, considering the great difference, 
particularly in sulphur content, between 
the many different crude oils. Although 
this work was conducted several years ago, 
it still is accurate as a means of classifying 
chromium steels of varying chromium con- 
tent with respect to resistance to refinery 
corrosion. 

Engineers often ask, ‘‘How long will a 
tube, the wall of which was originally % 
inch thick but has corroded to % inch 
thick, last?’’, and the answer to this is that 
it becomes a matter of creep rate. For 
example: if the tube were originally de- 
signed to carry a load of one percent in 
19,000 hours without corrosion, then, after 
corrosion, it could operate only either at a 
lower stress level or for a much shorter 
period of time. The latter alternative is the 
natural one and Figure 9 is a different way 
of presenting creep data which could be 
employed in considering such a problem. 
This chart is a plot of stress against time 
on a logarithmic scale. The line for each 
type of steel shows the creep load which can 
be carried for one percent elongation at 
various periods of time at 1,000 deg. F. In 
the case of the tube originally of % inch 
wall thickness operating at a fiber stress of 
4,000 Ibs. per sq. in., which had corroded 
away to % inch wall thickness, resulting 
in a fiber stress of 5,300 lbs. per sq. in. at 
the same operating pressure, the stress on 
the tube would then be such that 
instead of lasting 19,000 hours, its life 
would be approximately 6,000 hours. If the 
tube continues to corrode, the increasing 
stress would indicate a decreasing life. 

Another type of corrosion encountered 
in high temperature service is the oxida- 
tion of the steel exposed to the furnace 
atmosphere. This has become of prime im- 
portance as increased 


temperatures are 


TABLE I—OXIDATION TESTS ON VARIOUS STEELS 


Type of Steel 


Scaling Loss (Grams Per Sq. In.) 


Number % % % % % at at at 
of Chrome Mang- Silicon Molyb- Nickel 1200° 1400° 1500° Remarks 
Steel anese denum F F F 
1 -50 974 5.510 8.733 Low Carbon Steel 
2 .50 .50 1.261 5.402 7.314 
3 .28 1.50 50 1.040 5.450 7.061 
4 1.25 50 75 50 860 4.320 6.549 
5 2.00 .50 50 50 1.257 4.912 8.452 
6 2.00 50 1.25 50 -724 4.578 .076 
7 3.00 50 1.25 50 043 149 1.040 
8 5.00 50 -50 50 -720 2408 3.432 
9 5.00 .50 1.50 50 .003 052 .081 
10 18.00 -50 50 8.00 .005 .011 025 
11 25.00 1.00 .50 .000 .000 000 
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Figure 5: 


Temperature control equip- 
ment for creep testing furnaces. 


reached in service. Simple steels begin to 
scale appreciably at about 1,000 deg. F. 
and scale quite rapidly at temperatures of 
1,200 deg. F. or higher. The surface tem- 
peratures of a metal in a furnace may vary 
within wide limits, particularly on heavy 
wall tubes on the inside of which an insulat- 
ing layer of carbon-coke has formed. This 
is a common situation in still tubes and has 
led to many premature failures in cracking 
still coils by reason of the high temperature 
of the outside of the tube and the con- 
sequent rapid oxidation and lowered resist- 
ance to stress. Even on clean tubes, 
the outside surface, which is exposed to 
high rates of radiation, must be at a higher 
temperature than the inside surface in con- 
tact with the The writer 
numerous tubes removed from cracking 
furnaces, of which one side was covered 
with a heavy gray scale, the other with a 
soft red scale. Evidently one side of the 
tube had been exposed to much more severe 
radiation than the other side. The heavy 
gray commonly 
on steel when annealed at temperatures 
above 1400 deg. F., while the heating of 
steel to temperatures below this usually 
produces a_ soft red resembling 
iron ore in appearance. The outside skin 
temperature of tubes with this gray scale 
must have approached closely to 1400 deg. 
F. Numerous other cases of cracking still 


oil. has 


seen 


colored _ scale forms 


scale, 


tubes have been observed where the outside 
surface was covered with a very dense, 
almost black, scale which forms only at 
temperatures in the neighborhood of 
1600 deg. F. This has been seen particularly 
adjacent to the hot spot on ruptured tubes; 
it gives an indication of how severely the 
material had been locally over-heated before 
failure. 

The rate of oxidation of refinery tubes, 
therefore, is of considerable interest. At the 
present time there are at least 15 different 


161 














/ 
°o 


100 9 


CARBON STEEL 


2) 
= 
io) 
lu 
& 
< 
oO 
< 
< 
12) 
UO 


PENETRATION 


AVERAGE 


fe) 


c 


CHROMIUM 


Fic. 8 





kinds of steels used in practice for hot oil 
lines and cracking coils. Table I shows the 
results of tests, just completed on some of 
these steels in the laboratory, of the rate of 
oxidation, for these several steels at tem- 
peratures of 1200 deg. F. and 1500 deg. F. 
These tests were conducted in an electric 
furnace in order to control precisely the 
temperatures over the long period of time 
necessary to reach a definite result. The 
data thus indicate the relative resistance of 
these steels to oxidation in a current of 
air at the temperatures given. The rate of 
oxidation in a refinery furnace is consider- 
ably greater, owing to the effect of 
carbon-dioxide, water vapor and sulphur 
gases produced by the combustion of fuel. 
Tests conducted in furnaces with combus- 
tion gases indicate the same _ relative 
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order of oxidation resistance for a given 
series of steels as tests conducted in a 
stream of air, but the rate of oxidation is 


approximately 60 percent greater, One 
other factor in oxidation is the wide dif. 
ferences in combustion control and tem. 
perature control in refinery furnaces, ap) 
oxidation tests conducted in cracking stil 


furnaces at different refineries often give 


apparently contradictory results on th; 


account. 

To summarize, refineries require ma. 
terials which have high strength at elevate 
temperature, good resistance to the ogy. 
rosion by sulphur compounds, and hig 
resistance to oxidation. Studies since 19) 
have indicated that molybdenum is one 
the most effective alloying elements jp jp. 
creasing the creep resistance of steel. Stee 
containing chromium or chromium ap 
nickel have been found to have the bes 
resistance to sulphur corrosion. The use ¢) 
chromium, silicon, or aluminum, has als 
greatly improved resistance to oxidation 
As a result of these findings, numeroys 
steels are now available containing they 
elements, or combinations of these ¢k. 
ments, and it seems that in future refinen 
construction such alloy steels will be large) 
used. In plants processing non-corrosiy: 
crudes some plain steel isstill being employe 
with considerable amount of low carbon 
steel containing .50 percent molybdenum 
A whole range of chromium steels is noy 
available, and it seems apparent that steek 
with 2 percent to 3 percent chromium wil 
be used for moderately corrosive crudes 
and that steels with over 5 percent chron- 
ium will be employed where highly corros 
ive crudes are being processed. Practically 
all of these chromium steels have additions 
of molybdenum to improve their strength 
at high temperature, and lately addition 
of silicon and aluminum have been maé 
to improve the resistance to oxidation. 

The high chromium steels, which ar 
usually termed stainless alloys, have als 
found an important position in refineries. 
The commonest type is that containing 
18 percent chromium and 8 percent nickel 
Tubes made from this alloy have been is 
service as long as nine years withoutr 
moval, and, were it not for the higher initia 


TABLE II—REFINERY STEELS 


TYPE 
% % % % % %. 
Carbon Manganese Malybdenum Chromium Silicon Columbium 
Carbon 15 50 50 15 
Molybdenum = «15 50 1.00 15 
15 50 1.50 15 
Chrome 10 50 50 2.00 -30 
Molybdenum  .10 50 50 3.00 .30 
10 50 1.00 2.00 30 
10 50 50 5.00 30 
10 50 50 5.00 -30 
Chrome 10 50 -50 2.00 1.25 
Molybdenum = .10 50 50 3.00 1.00 
Silicon 10 50 50 3.00 1.25 
10 50 .50 5.00 1.25 
-10 -50 50 5.00 1.00 
10 .50 1.00 5.00 1.25 
.06 50 18.00 50 
06 -50 25.00 50 
Stainless .06 50 18.00 50 
10 1.00 27.00 50 


NOMINAL CHEMICAL COMPOSITION 


REMARKS 


%o % 
Nickel Aluminum 
Mild Corrosion Condition i 
Moderate Corrosion & Oxidation 
o oe “w 
Severe Corrosion & Oxidation 
80 Non-Hardening Alloy 


Most Severe Oxidation and 
50 Moderate Corrosion Condition 


Most Severe Oxidation and 
50 Severe Corrosion 


8.00 For Highest Pressures—Wowt 

20,00 “Comesion & Oxidation 
: "00 ; 
= . 25 Low Pressure—High Temp. 


Nitrogen 
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cost of this material this alloy would be 4 Narionas TUMMCCMMANY 
ysed in much greater quantity than at |G te SESE = . 7 ges 7 
nd tem.f present. These steels have the highest ot 1000" ie — 
ces, ani} strength at high temperature, the highest 
cing stil resistance to corrosion, and very great oxi- 
ten give} dation resistance, at least up to 1700 deg.F. 
on this} A high chromium alloy containing from 
25 percent to 30 percent chromium has 
lire ma. been used for extremely high temperature 
elevatei | vapor phase cracking process. This alloy 
the resists elevated temperatures best of all, 
nd hig! but has very low creep strength, making it 
nce 19) unsuitable for high pressure equipment. 
is one of It has lately been considerably improved 
ts in in. by an addition of nitrogen, which greatly 
el. Steel increases the ductility of the material, 
um and making for much simpler fabrication. 
the bet f At the present time, there are available 
ne use of a large number of special alloy steels for 
has aly refinery construction, which are the out- 
cidation come of cooperation between refineries and 
an metallurgical laboratories in testing factors 
ng thes discussed previously. Table II lists 18 
ese ele. different alloy steels which are now either 
refiner in wide commercial use or practically ready 
€ largely for manufacture. The steels are conveni- 
COTrosive ently grouped into four classes and refer- 
mployei | ence remarks indicate the suitability of the 
v carbon} different compositions for the varying 
‘bdenum conditions encountered in cracking still 
Is is nov} service. This whole series of steels is, at the 
nat steel present time, being subjected to creep tests 
ium wil } in order to get comparative values of the 
crude} high temperature creep strength of the 
t chrom | several compositions. All of these different 
'y Corres | analyses are not needed, as probably five 
racticall typical compositions would be ample for 
additions | each type of stress and corrosion which 
strength | exists. The refinery engineer need, there- 


addition: | fore, not be confused by such a complicated 


een made Fic. 9 
tion. 
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ave als Fractured 2625.5 hr pita pa, _ Fractured 6161.0 he 
refineries —— -_ * 300%. “ee a list of materials, as the alloys included in 
ontaining 12.0% ct each group are fairly similar in properties 

nt nickel ' Ons Gs Sake: a and service life. 
e been it = -— oe i RR The transformation of refinery equip- 
ithout re ment from simple steels to such complex 
her initial alloy steels, as given in the table, has given 
| rise to a considerable amount of fabricating 
soy | OHS oan difficulty. The ordinary fabricator origin- 
| a ally was familiar only with low carbon plate 
and tube steel, which is easy to form cold, 
t forge and weld into complicated structures. 
= Ss =—6 a oe The assembly of this equipment from the 
132% | alloy steels has presented many problems, 
1.00 */m but most of these have been very satis- 
factorily overcome, and it is now possible 
1.05 o%" cit to obtain almost any refinery part from one 
1.33 0.5i0 °/, 0,900 % or more of the alloy steels which have been 
en, | | | |. oe included. The fabrication of these steels 
wa ai > requires very particular precaution as to 
Ane te, © ag lag Bag “ee t8 oi) seem welding, heat treating, forming, and it re- 
aS i ae ae Ti quires skill and experience to handle them 


to the best advantage. 
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SHELL HAVEN — A New Type of Solvent 


Extraction Plant 


By Dr. W. J. D. van Dijek and J. S. Oriel, »u.c.. ».4.. nse. 1..P.17. 


A New system of solvent extraction 
known as the Rectiflow process is embodied 
in the lubricating oil plant erected this year 
at Shell Haven, England, by Shell Re- 
fineries, Ltd. The unit, in which furfural 
is used as a selective solvent, presents some 
departures from earlier practice in its 
mechanical features, extraction towers being 
replaced by mixers and settlers. 

Seven stages are used for the counter 
current extraction of this oil with the 
solvent and another seven stages for the 
removal of good oil from the extract solu- 
tion by a counter current washing with a 
backwash of refined oil. 

In the following article the design of the 
mixers and settlers is described together 
with details of the reclamation of the 
solvent, operating conditions of the plant 
and analysis of the products obtained. 

In the early months of 1937 Shell Refin- 
eries Ltd. began the operation of a lubri- 
cating extraction plant in their refineries at 
Shell Haven, England. New ideas regarding 
extraction methods and new designs of 
equipment were incorporated in this plant 
and this fact gives interest to an account of 
its unique features including a brief ex- 
planation of the considerations which led 
to their adoption. 

The plant was designed for the extrac- 
tion of lubricating fractions of different 
crudes in order to prepare high quality 
motor oils. The required capacity of finished 
raffinate was 900 bbl. per day. The plant 
was designed to handle waxy as well as 
non-waxy products and to yield the re- 
quired quantity of refined oil from intakes 
from which 25 to 40 percent had to be 
removed by extraction. 

Since the Royal Dutch-Shell group, as a 
result of its activities in the field of extrac- 
tion, was in a position to use various ex- 
traction methods and solvents, a choice 
had to be made as to which process and 
which solvent was the most suitable for 
the above purpose. 

From the very early days of the Edeleanu 
process the Royal Dutch-Shell group was 
interested in extraction processes for the 
refining of petroleum and from collabor- 
ation with Edeleanu Gesellschaft resulted 
in its first Edeleanu plant for kerosene, 
erected at Balik Papan in November, 1916. 
The group has since been working on im- 
provements to this process and extending 
it to materials other than kerosene. 

In 1928 Buchel and Saal invented the 
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SO2-benzene process for the extraction of 
lubricating oils’. This improvement made 
it possible to use the selective power of 
SO, for the extraction of substances which 
were insufficiently soluble in SO, alone and 
therefore to extract with this solvent the 
higher boiling aromatics. Besides SO, other 
solvents were discovered which could be 
used for oil refining. Thus, for example, 
Eichwald discovered in 1922 that furfural 
was an excellent solvent.” Later organic 
nitro compounds and nitriles were shown 
to be useful selective solvents. * 

Besides searching for useful solvents, the 
group was carefully examining methods for 
operation of these extraction processes. 
Apart from the old batch process, by which 
oil was extracted with one or more portions 
of solvent, continuous processes were de- 
veloped, using either extraction towers or 
stages with mixers and settlers. The 
counterflow process, usually looked upon 
as the best, enables one to obtain a very 
pure raffinite with a minimum of solvent, 
but it cannot yield an extract which is 
completely stripped of good oil. To improve 
this point the two-solvent process was 
invented (1929), in which two solvents, 
only partly miscible with each other, flow 
in counter current, while the feed is in- 
troduced somewhere in the middle of the 
system.* In this process the raffinite is 
freed from extract by the action of the 
first solvent, while the extract is freed 
from raffinite by the action of the second. 
This two-solvent method was independently 
discovered by M. H. Tuttle of Max B. 
Miller and Co. (1932) who also indicated 
a very suitable pair of solvents for ex- 
tracting lubricants, viz. cresylic acid and 
propane. ° The well-known Duo-Sol process 
operates according to the pooled patents 
and a plant operating on this principle was 
erected at the group’s refinery at Wood 
River, IIl., in 1935. 

This two-solvent process was a definite 
improvement over the ordinary counter- 
current extraction process, in so far as it 
made possible for the first time theoretically 
complete separation of the components to 
be separated, thus obtaining the theoreti- 
cally highest yield of good oil. The two- 
solvent process, however, is more costly 
than the simple counter-current process, 
as not only is the extraction apparatus itself 
loaded with a large amount of solvent, but 
also the reclamation of the two solvents 
called for costly distilling apparatus. It was, 


therefore, natural that research was ¢. 


rected towards obtaining the advantage; 
of the two-solvent process in a less costly 
way. The result of this research was th 
invention of the Rectiflow principle. 4. 
cording to this principle the extract solution 
is washed with an extract, usually referred 
to as “‘backwash”’, which can be obtaingj 
either by cooling the extract solution(1939\ 
or by the removal of solvent (1932) 
This Rectiflow process is the true counter. 
part in extraction of the continyoy 
rectification process in distillation ang 
it effects complete separation of extrac 
and raffinate as successfully as the typ. 
solvent process does. 

The theory of this process was given by 
Saal and Van Dijck at the World Petroleun 
Congress in 1933°. The Rectiflow process, 
although less costly than the two-solvent 
process, is nevertheless still more costly 
than a simple counter-current process a 
usually applied, since not only more stages 
or higher towers are necessary, but alw 
more solvent is needed, owing to solvent 
being required for the formation of the 
backwash. These extra costs are met hov- 
ever, by the the higher yield, especially 
for those crudes which do not contain large 
percentages of high class lubricating oik 
or those in which the separation of high clas 
oil from oil of moderate quality is difficult. 
During research on this process the great 
importance of applying the right temper: 
ture at any point of the extraction proces 
became apparent, as selectivity decreas 
rapidly with increasing temperature, whik 
on the other hand the solvent power it- 
creases with increasing temperature. 4s 
neither great solvent power without + 
lectivity, nor great selectivity without 


Figure I—Rectiflow pilot plant at the 
Royal Dutch-Shell research laboratory 
in Amsterdam. 
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solvent power is of any technical use it is 
obviously important to extract at the right 
temperature and to obtain maximum effect 
a temperature gradient should be main- 
tained along the extraction system. 

The choice of the most suitable solvent 
was the next consideration. 

When comparing the different solvents, 
attention has to be paid in addition to 
selectivity and solvent power, to their 
stability, the possibility of easy reclama- 
tion, their corrosive properties, their toxic- 
ity and their price. 

As the plant had to work also on waxy 
oils it was necessary to use a solvent which 
would have a good selectivity at relatively 
high temperatures. Working at high temp- 
eratures has the advantage also that the 
oil in process has a low viscosity, which 
facilitates mixing, exchange and settling. 
On these grounds furfural was chosen as 
the selective solvent. 

_ Inorder to find the most suitable operat- 
_ 'N§ conditions for the Rectiflow plant and 
to examine the products obtainable, a pilot 
Plant was first installed in the research 
laboratory at Amsterdam. (illustrated in 
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Figure II. 


Figure I). This pilot plant had a capacity 
of one litre per hour intake and consisted 
of nine stages, each stage comprising a 
mechanical mixer and a settling tank, in 
which the emulsion made in the mixer was 
separated into two layers. Each combina- 
tion of a mixer and a settler was submerged 
in an oil bath, which was thermostatically 
controlled so as to maintain the right 
temperature. The transport of the phases 
to the adjacent stages was done by 
means of small reciprocal pumps with 
variable stroke. In order to control the 
levels in the settling tanks, level indicators 
were provided, which worked on thediffer- 
ence in the electric conductivity of the two 
layers. Six stages were used for the ex- 
traction section, in which the raffinate was 
freed from the bad constituents by furfural, 
and three stages were used for the washing 
section, in which the extract was freed from 
any good oil by a backwash of extract. 
The raffinate phase and the extract phase 
were continuously led to vacuum distilla- 
tion towers, in which they were freed from 
the solvent. 





Figure IV. 


Figure I shows the stages and the control 
panels, and the three measuring tanks for 
feed solvent and backwash, while Figure II 
gives a schematic flow sheet of the plant, 
omitting, however, the solvent reclamation 
units. 

To show the effect of the extraction at 
different stages the refractive indices of the 
raffinate and the extract at each stage were 
determined by taking samples and remov- 
ing solvent. The results are given together 
with the properties of the feed in Figure III. 

In the case of a waxy oil the oil layer from 
the washing stage after the feed is still defi- 
nitely waxy. The oil of the second washing 
stage already shows much less wax, while 
thatofthe third stage shows hardly any wax 
at all. Thus the pilot plant definitely demon- 
strates the effect of the Rectiflow method. 

The next consideration in the design of 
the commercial plant was whether ex- 
traction towers or extraction stages should 
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Figure V—Setting apparatus at Shell 
Haven consists of seven units on top of 
each other. 


be used. Extraction towers are relatively 
simple to operate, as pumps to transport 
the layers from stage to stage are super- 
fluous. They have, however, the disadvan- 
tage that there is no control on the size 
of the droplets or on the exchange and that 
they tend to channel, i.e. that certain 
amounts of the phases pass each other 
without coming into intimate contact. 
Various experiments on a pilot plant 
scale showed that the compromise between 
intimate mixing and good settling in a 
tower is poor. 

A very serious point to the disadvantage 
of the tower is further that it is very difficult 
to realize the right temperature gradient 
necessary for optimum extraction. Although 
it is possible to make a temperature 
gradient by introducing the solvent at a 
high temperature and the feed and back- 
wash at lower temperatures, the temper- 
ature gradient which is reached in this 
way is not the optimum. 

The introduction of coolers in extraction 
towers is impracticable, as the cooling 
surface necessary in towers must be ex- 
tremely large because of the low velocities 
and therefore the low heat transfer co- 
efficients in the tower and moreover thermal 
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circulation would be set up. Removing the 
liquid from the tower to outside coolers and 
redistributing the liquids at the appropriate 
temperature in the tower practically re- 
duces the tower to a set of mixers and 
settlers. 

As the object of the plant at Shell Haven 
was to determine what results could be ob- 
tained with the best apparatus from a 
theoretical standpoint and at the same 
time to give the plant the greatest possible 
flexibility, it was decided to use mixers and 
settlers instead of towers. In this respect 
it was considered that normal development 
in plant construction is a slow process, in 
which step by step improvements are made, 
mostly on practical grounds, so that it was 
thought useful to erect on this occasion a 
plant which might be too good and there- 
fore too costly, but which would show the 
definite limits obtainable, so as to enable us 
in future to make a better compromise be- 
tween the theoretically possible and the 
simplest and cheapest designs. 

Once mixers and settlers had been 
decided upon, their design had to be 
considered. 

The purpose of the mixer is threefold: 











(1) it should mix the two phases in such a 
way that the material to be dispersed is 
evenly distributed over the other phase; 
(2) it should disperse that liquid in suffic- 
iently fine droplets to ensure sufficient 
exchange between the two phases, and 
(3) it should avoid the formation of too 
fine an emulsion, which would interfere 
with good settling. As the size of the drop- 
lets is dependent on the interfacial tension 
between the two phases, which will be 
variable for different intakes, and further- 
more as the size of the droplets necessary 
for good exchange will differ according to 
molecular size and viscosity, to obtain the 
maximum effect for various oils it is neces- 
sary to set the mixer in accordance with the 
requirements of the oil. Mechanically 
driven mixers were thought to be the most 
suitable type. 

Its working element is a rotating case, 
consisting of perforated tubes with holes 
in the outside, from which flows the oil 
which has to be dispersed. The mixers are 
belt-driven from a common shaft, with step 
pulleys to allow for variation of the number 
of revolutions. (See Figure IV). 

We come now to the construction of the 


Figure VII. 
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settlers. In principle there are two POssibil}. 
ties: either settling by gravitation or 
separation by centrifuges. The first Was 
chosen as being more reliable and leq 
expensive. Much care was given to the form 
of the flow of the liquid in the settling zon¢ 
Unnecessary turbulence should be avoided. 
while a certain degree of movement is ys. 
ful for a better coalescence of the particles 
Figure V shows the construction of th 
settling apparatus, seven settling unis 
were built one on top of the other and froy, 
a single tank. 

These settling units are 6.5 metres j 
diameter and the arrangement of the inle 
and outlets and the flow in the settlers 
shown in Figure VI. Figures VII and VII 
show how these inlet and outlets ap 
coupled up to each section. Both from th: 
sketch and the photograph it will be see, 
that at each stage the delivery from th 
pump and the suction from the stage aboy 
are interconnected. The reason for this js 
that the flat plates forming the floor of each 
section have not been made strong enough 
to stand the weight of the liquid in tha 
section and in the sections above it and 
therefore means have been provided t 





Figure VIII—Inlets and outlets to a sec 
tion of the settling apparatus. 


allow the liquid to pour right through th 
whole seven stages if necessary, withou! 
causing any undue strain. 

The arrangements for withdrawing & 
tract and raffinate layers and mixing them 
are best seen by considering one stage onl 
In Figure VII we have shown three stage 
A, B and C. The extract phase is with 
drawn from the bottom of stage A and th 
raffinate phase from the top of stage C am" 
both are led to the mixer of stage B. From 
the mixer the emulsion flows into a pul 
from which the material is deliver 
through a heat exchanger into compat 
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Figure IX. 


ment B. The pump has been specially 
selected so as to prevent any shearing of 
the droplets and hence any formation of 
fine emulsion which would be difficult to 
break in compartment B. The diagram of 
this pump is given in Figure IX. As the 
temperature of the stages has to decrease 
in the direction from raffinate to extract 
heat must be withdrawn from the mixture. 
This cooling of the mixture is done by 
means of cold extract solution returning 
from the last section of the extraction 
plant, and by this means a temperature 
gradient of about 130/40 deg. C. can be 
maintained. 

The levels in each section are observed 
as in the pilot plant by electrical means, 
using electrodes placed vertically above one 
another at a distance of 5 cms. apart. These 





electrodes are connected to neon lamps and 
the change in resistance between the 
raffinate layer and the extract layer shows 
up clearly by the lighting or otherwise of 
these lamps. This method is considerably 
better than sight glasses or floats, as in 
these cases it is extremely difficult to 
distinguish between a furfural emulsion 
rich in oil and an oil emulsion rich in furfural. 

There are two settling tanks of seven 
compartments each. One of these tanks 
serves to carry out the extraction and the 
other the washing with reflux (backwash). 
The number of extraction stages can be 
readily altered, however, by changing the 
point at which the raw oil is admitted. The 
furfural is admitted at the top of the ex- 
traction tank and the raffinate layer is 
taken off from the top of the same com- 
partment. The extract phase is withdrawn 
at the bottom of the washing tank and 
backwash admitted there. 

It may be explained here why so much 
care was devoted to the construction of 
the mixers and the settlers. In practice 
there is a general feeling that intimate 
mixing can be obtained with much simpler 
devices and that as a result of the ready 
coalescence of the fine droplets of oil 
dispersed in furfural settling is a relatively 
simple matter. It is true that in case this 
coalescence does actually take place readily 
the mixing apparatus and the settling ap- 
paratus can be made both simpler and 
smaller, especially when between these 
apparatuses a special vessel giving maxi- 
mum speed of coalescence is interposed, 
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Figure XI—Mixers in the pump house 
at the Shell Haven solvent plant. 


but we must bear in mind that with such 
an arrangement one is gambling a good 
coalescence, which might be imparted by 
small traces of emulsion stabilizing sub- 
stances. As a shut down of the plant for 
only a relatively small number of days will 
cause a greater loss than the saving in 
mixers and settlers it is advisable to keep 
on the safe side and to design the mixers 
and settlers in such a way that, even with- 
out ready coalescence, a good exchange 
and a clean separation between the two 
phases can be obtained. 

The recovery of furfural also presented 
some problems. The flow sheet (Figure X) 
shows the general layout of the plant, for 
which the main desiderata were (a) a clean 
separation of furfural from raffinate even 
when extracting light lube oil distillates; 
(b) a clean separation of furfural from 
extract; (c) distillation at as low a temp- 
erature as possible ; (d) as complete a separa- 
tion of water as possible. The reason for 
(a) is quite obvious. In addition to the 
necessity for recovering as much furfural 
as possible, so as to avoid loss, it is of the 
utmost importance (b) that no extract 
remain in the furfural to be returned to the 
extraction plant and mixed with the ulti- 
mate raffinate oil, thus spoiling it. The 
recovering of the furfural is therefore 
carried out in rectifying towers, using an 
ample number of plates. High temperature 
distillation of furfural (c) tends to produce 
pyromucic acid and acetic acid. Apart 
from the loss of furfural involved, the 
formation of these acids causes consider- 
able corrosion of the plant. As any water 
contained in the intake is extracted by the 
furfural and furthermore the last traces of 
furfural are removed from the oil in a 
steaming column, it is obviously necessary 
(d) to remove this water, avoiding any loss 
of furfural. 

The question whether evaporation using 
the so-called double effect principle is 
advantageous was carefully examined and 
various schemes for applying this principle 
were considered. The principle does not 
give a cheaper construction, because against 
the smailer furnaces there are the greater 
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Figure XII—General View of Shell 
Haven solvent extraction plant. 


heating surfaces in heat exchangers, but it 
allows a reasonable saving in heat input. 
However, since the maximum temperature 
to which the furfural has to be heated is 
higher when using the double effect prin- 
ciple, giving a greater possibility for de- 
composition and reaction of the furfural 
with components of the extract, it was de- 
cided not to apply the double effect 
principle. 

The extract column has been designed 
to run at as low a vacuum as is consistent 
with reasonable construction design. The 
pressure in this column is 200 mms. Hg., 
but even so the column is 4.25 meters in 
diameter. From the flow sheet it will be 
apparent that a considerable amount of 
recycling has been arranged in order to 
avoid high temperatures. All this is con- 
sistent with earlier remarks in the descrip- 
tion of the plant, where it was pointed out 
that this plant was designed to show what 
the theoretically best arrangement could 
produce. 

From the raffinate layer the furfural is 
also reclaimed in a rectifying tower 1.25 m. 
in diameter, this tower running at 50 mm. 
Hg. pressure, so as to ensure that no poly- 
merization of furfural takes place, which 
would result in these polymerization prod- 
ucts concentrating in the final raffinate. 

Both from extract and raffinate the last 
traces of furfural are stripped off in steam 
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strippers provided with several plates so as 
to save on steam and the consequent 
necessity for elaborate apparatus for the 
removal of water. 

The provision of a blanket of inert gas 
for protecting the furfural against oxida- 


Conditions Under Which Plant Has Operated 


Successfully 
0 ee 10 vol. tons per hour (1 vol. ton = 1.016 m3) 
rere ea ee 
ee a. = * 
Temperature gradient. . .117°C to 65°C. 
Yield of raffinate..... . 76 vol. % 


Analysis of Intake and Products 


Intake Raffinate Extract. 
100 vol. % TWvol. % 24 vol. % 
Spec. Grav. at 60°F........ 0.9125 0.885 1.005 
Flash Pt. (P.M.) Closed... . . 445°F 430 425 
= Open..... 4715°F 455 455 

Vise. Red. 1 at 7O°F...... 

™ ee wees 167 secs 121 900 

- a agus 3° 52 160 
Kin. Vise. at 100" .... 74.0 1976 

8 ae sees 26.2 

= ale 11.65 10.07 31.45 
7 ee 90 122 —50 
Pour point ASTM °F....... 110 115 35 
Acid Value mg. KOH/grm 0.1 0.014 0.028 
A ee N plusX M-X 
eee 4%X 4x 
Refractive Index 50°C...... 1.4920 1.4685 1.5575 


X diluted 86 vol. white spirit. 
15 vol. oil. 


tion has not been found necessary, byt 
means are provided for the de-aeration of 
the feed oil. 

Figure XI shows the mixers in the pump 
house, while Figure XII gives a general 
view of the plant. 
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LOW COST Removal of Hydrogen 


Sulphide from Petroleum Gases 


"Tue Avvent of polymerization processes 
has made the separation of hydrogen sul- 
phide from gas mixtures extremely im- 
portant to petroleum refiners. 

Polymerization, believed by many to be 
the most valuable contribution of chemical 
science to American industry during the 
past decade, converts a practically useless 
or even harmful product into high grade 
motor fuel. The unique and valuable prop- 
erties of this new product are now well 
recognized. 

Several polymerization processes have 
been developed and their successful com- 
mercial application demonstrated. It has 
been found, however, that in building up 
larger molecules from smaller ones such 
processes also build up organic sulphur 
compounds if hydrogen sulphide is present 
in the gas being treated. Because these 
sulphur compounds must be removed and 
since their removal by treatment of the 
polymer product lowers its octane number 
and reduces its blending value, separation 
of the hydrogen sulphide from the gas 
before polymerization is highly desirable. 

A number of processes have been pro- 


posed and used for removing hydrogen 
sulphide from gases. The classic iron oxide 
boxes are still in use in many gas factories, 
at natural gas plants and at natural gas 
pumping stations. In some cases thes 
combersome appliances have been replaced 
by one or another alkaline absorbing 
tower. The difficulty with most liquid 
absorbents has been with regenerating the 
spent liquor, but this difficulty has nowbeen 
overcome by two notable improvements 

One of these is the Koppers Phenolate 
process, developed and patented by the 
Koppers Company, by which it is stated 
that more than 95 percent of hydroget 
sulphide can be recovered at a cost whic 
may be as low as $3 per ton under favorable 
conditions of H2S concentration and ges 
pressure. Three plants embodying thi 
process are now in operation in the United 
States. 

First of these was built by Koppes 
Company at El Segundo near Los Angeles 
California, for the Standard Oil Compat 
of California. It was put in operation " 
August, 1936. It processes 16,600,000 cu 


(Continued on page 170) 
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Flow diagram of the Girbotol process. 


HYDROGEN SULPHIDE 
REMOVAL 


(Continued from page 168) 


ft. of refinery gas per day, removing ap- 
proximately 40 tons per day of 98 per cent 
H.S gas, which is converted into sulphuric 
acid. 

A second plant was completed in July 
this year at the Philadelphia refinery of the 
Atlantic Refining Company. Hydrogen sul- 
phide will be recovered from 22,000,000 cu. 
ft. a day of refinery still gas. Koppers 
Company also has just completed a similar 
type of plant to purify natural gas at 
Wayne, W. Va., for the Chartiers Oil 
Company. It has a capacity of 5,000,000 
cu. ft. a day. 

The purification system consists of an 
absorption stage and an actification stage, 
through which the phenolate solution is 
circulated continuously. This solution has 
an extremely high carrying capacity for 
hydrogen-sulphide, and as a result, it is 
necessary to circulate only five to ten 
gallons of solution per thousand cubic feet 
of sour gas. This very low circulation rate 
is one of the reasons for the low operating 
expense. 

The hydrogen-sulphide laden gas enters 
the absorber at the base, passes up through 
the bubble-cap trays and leaves at the top, 
stripped of 95 percent or more of its 
hydrogen-sulphide. The solution leaving 
the bottom of the absorber, saturated with 
hydrogen-sulphide with respect to the 
incoming gas, passes through the _heat- 
exchanger tubes to the top tray of the 
actifier. It flows down over the actifier 
trays, counter-currently to the stripping 
steam which is generated in the reboiler 


170. 


at the base. Sufficient indirect steam is 
used to effect the desired degree of actifica- 
tion of the solution. This, in turn, is 
determined by the maximum residual 
hydrogen-sulphide desired in the exit gas. 

The actified solution flows from the re- 
boiler through the heat-exchanger shell, 
is further cooled in the solution cooler, and 
is then pumped to the fourth tray below 
the top of the absorber. The absorption 
cycle starts again at this point. 

Hydrogen-sulphide laden steam passes 
from the top of the actifier to the dephleg- 
mator shell and thence the hydrogen- 
sulphide is forced, by the actifier pressure, 
to the acid plant burner or other point of 
disposal. Condensate from the dephleg- 
mator returns to the actifying column. 

Fresh water is added continuously to the 
top tray of the absorber. The three top 
trays comprise, in effect, a water scrubber 
to recover chemicals, which have been en- 
trained or evaporated from the solution. 
It is necessary, at periods of several days, 
to replenish chemicals, and a small mixing 
tank is provided for this purpose. The 
caustic soda and crude phenol used in the 
process are inexpensive and are commonly 
used commodities which are readily availa- 
ble on the open market. 

This system is completely adaptable to a 
wide variation in conditions such as hy- 
drogen sulphide concentration, pressure and 
composition of the gas to be treated. 

Another recent process originated and 
patented by the Processes Division of 
Girbotol process. In this the scrubbing 
liquid is a water solution of an aliphatic 
amine. The amines are relatively non- 
volatile, alkaline compounds which react 
rapidly with hydrogen sulphide. The reac- 


tion during absorption is a chemical one jy 


tween an acidic gas and a basic liquid. Whey 
the scrubbing liquid containing hydroge, 
sulphide is heated in the reactivator ¢h, 
chemical bond is broken and the hydroge, 


sulphide is driven from solution in pup, 


concentrated form. The amine, being nop. 


volatile, remains in solution, unaltere 


ready for reaction with more hydroge; 
sulphide during its next contact in th, 


absorber. 


In one of the large installations of th 
process, hydrogen sulphide is stripped froy 


natural gas so completely that the purifig 
gas contains less than 1 grain of hydroge; 
sulphide per hundred cubic feet of gx 
(0.0017 percent). Such a high degree ¢ 
sulphur removal is not required in mos 
refineries, but efficient purification is ¢. 
sirable in polymerization because the qj. 
phur content of the polymer produ; 
appears to be proportional to the sulphy 
content of the feed to the plant. 

Absorbents used in the Girbotol proces 
are inexpensive and readily avilable. The 
are stable and losses are small. Steam ji, 
heating is the largest item of cost. Lo 
pressure steam is suitable for regeneration 
or if none is available the liquid pumps ma 
be steam driven and the exhaust used {iy 
heating. Cooling water is the only other 
utility required. 

Wide use is being made of the proces 
for purifying sour natural gas. Many sou 
gas fields lie near consuming areas or ar 
adjacent to distribution lines. As produce! 
such gas is of practically no value and i 
suitable only for carbon black manufac 
ture. When purified it can be made avai- 
able for domestic and industrial consump- 
tion and in many cases the purificatio 
cost is less than the cost of transporting 
sweet gas from more distant fields. Th 
economic value of this low cost purification 
process is indicated by the fact that it cor- 
verts what could almost be termed a wast 
product into a usable fuel. 

Hydrogen sulphide recovered by tie 
Girbotol process may be converted int 
sulphuric acid in existing or in new aci 
plants. It may be converted into elemer: 
tary sulphur or into sodium or ammoniut 
sulphide. Other methods for its utilizatio 
have been proposed. It is an extremel 
powerful reducing agent. 

In addition to scrubbing hydrogen su 
phide from gases the process is useful ed 
the removal and recovery of carbon dioxit 
in certain instances. Large quantities ” 
carbon dioxide are recovered by the pr 
ess for the production of liquid carbot 
dioxide and dry ice. The process is et 
ployed for scrubbing carbon dioxide fo 
industrial hydrogen produced by crackins 
methane. The process is also useful 10 
CO, removal from inert atmospheres. 
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RUSSIAN REFINING 


(Continued from page 149) 


considered American experience in analog- 
ous plants at Lawrenceville and Port 
Arthur, the flow chart was revised to in- 
clude vertical columns under continuous 
counter flow of the extract. The installation 
consists of the extraction and regeneration 
divisions. The proportion of furfural is 
150 percent by volume and 190 percent by 
weight; yield of raffinate is 80 percent and 
of extract 20 percent. 

Distillate from the raw material tank is 
pumped to heat exchangers where it is 
heated to 75 or 80 deg. C. by the regene- 
rated furfural, which enters the exchanger 
at about 160 deg. C. The heated distillate 
rises to the top of the tower and the fur- 
fural flows to the bottom, at a temperature 
of 110 deg. C. In the tower, which is a 
vertical cylinder of five superimposed 
parts, the distillate makes intimate con- 
tact with the solvent. The raffinate-sol- 
vent mixture is brought from the top of 
the tower to an intermediate tank at 100 
deg. C., while the extract from the bottom 
at 75 deg., containing 90 percent furfural, 
flows to heat exchangers and to a settling 
tank. The raffinate solution flows through 
heat exchangers to a furnace where it is 
heated to 200 deg. C., and then goes to 
the raffinate tower operating under atmos- 
pheric pressure in the presence of steam. 
Furfural vapors are led from the top of the 
tower, which is sprayed with waterfree 
furfural, to condensers and immersed 
coolers. Part of the extract, less oil soluble 
in furfural, cooled to 40 deg. C., is taken 
by pumps and goes again to the extraction 
with fresh input. 

The regeneration system consists of a 
two-flow furnace, steam distillate heat ex- 
changers and two towers—one furfural 
and one extract tower. Centrifugal units 
pump the extract from storage through 
steam distillate heat exchangers. It is 
then received by the furnace pumps to be 
heated by one flow through the furnace to 
230 deg. C., at which temperature it 
arrives at the furfural tower. Recycling 
(tower-furnace-tower) effects a reduction of 
about 50 percent of total input of extract 
solution. The balance from the furfural 
tower is heated by a second flow through 
the furnace to 230 deg. C., at which tem- 
perature it is brought to the upper part of 
the extract tower, where a similar system 
of recycling tower-furnace-tower is under- 
gone at 145 percent of quantity in ratio to 
the input extract solution. Practically all 
furfural is evaporated in the upper part of 
the tower, and the residual furfural is 
removed from the extract by stripping 
at the bottom. Vapors from the waterfree 


(Continued on page 173) 
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FLAME ARRESTORS 


U. S. Pat. 1,735,261 





885 Addison Road 
I 


BEAUMONT, TEXA * TULSA, OKLAHOMA Lc \NGELE 


@ Conceived and perfected by Oceco engineers, 
who pioneered this more efficient, more profitable 
operation—and constantly modified to meet changing 
conditions in the industry—Oceco equipment is the 
recognized standard, wide 


world throughout the 


industry. 


VENTS 


OCECO VENTS, for instance, control tank breathing. 
They prevent the free circulation of air—stop windage 
losses—minimize evaporation losses—retard oxidation 
of refined gasoline, the formation of gum, and the loss 
of knock rating ... and return 100% dividends 
every few months. They are of permanent gas-tight 
construction with stem guided or cage and dise type 
valves . . . and are available either as separate units 
or complete with Oceco Flame Arrestors in from two 
to ten inch pipe sizes. 


FLAME ARRESTORS—METERS—SWING LINES 
—GAUGES 


OCECO FLAME ARRESTORS, featuring the all-aluminum, 
corrosion resisting construction of the arresting unit— 
the large vertical passages—the absence of screens, and 
other advantages of this patented design, are a positive 
flame stop. They are being used on more than 
250,000,000 barrels of tankage in all parts of the 
world—yet—even when located in the middle of a 
blazing tank farm, no tight tank equipped with an 
Oceco Flame Arrestor has ever been lost by fire. 


OCECO METERS that provide accurate measurement of 
receipts and shipments, over the entire range from 
heavy oils to refined gasoline, without regard to vari- 
ations in temperature, viscosity, or pressure, and 
selected, therefore, as standard equipment by some of 
the largest and most discriminating buyers in the in- 
dustry . . . OCECO SWING LINE FITTINGS, with their 
dependable swing joints and gas-tight stuffing boxes 
- - - and OCECO GAUGES that permit the taking of 
accurate readings of the tank without relieving the 
pressure or exposing the operator to fumes, offer add'- 
tional economies and efficiencies. Let us send you 
It will pay you to get for your 


plant the many advantages of Oceco’s serviceable 


more complete details. 


design and exacting manufacture. 


THE JOHNSTON & JENNINGS CO 


CHICAGO . 
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PL'ANT RUBBER & ASBESTOS WORKS 


FACTORIES: Distributors in Principal Cities SALES OFFICES: 
San Francisco @ Los Angeles @ Redwood City San Francisco @ Los Angeles @ Oakland ¢ Wilmington 


y THE Solvent Refinery and 
Dewaxing Plant at Shell Haven 
is protected by Foamite 


bWOULD HAVE PREVENTED 
prihy 


] 








ington 











ery and 
1 Haven 


oOamite. 
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furfural at the top pass through exchangers 
and preheat the extract solution input. 

Vapors from the bottom of the tower are 
brought into the furfural tower for re- 
rectification. Vapors containing little fur- 
fural are taken to condenser coolers and 
waterfree furfural is taken as a sidestream. 
Regenerated furfural is partially used for 
spraying the towers (raffinate and extract). 
Vapors of diluted furfural from the top of 
the furfural and raffinate towers are led to 
condensers and coolers, then to a tank 
where the liquid containing seven to eight 
percent furfural is used for spraying the 
furfural tower. 


Operating Temperatures of Installation 














Extraction to 

_.... 100 deg. C. 

Bottom . . 80 deg. C. 
Raffinate to 

......... 7 : 98 deg. C. 

eee ree : 165 deg. C. 
Furtural tower: 

Top..... 98 deg. C. 

Bottom. . 165 deg. C. 
Extract tower: 

ey 162 deg. C. 

Lower part of top 187 deg. C. 
=. bis aie 98 des. C. 

ying extract....... ces 185 deg. C. 

Heating of raffinate solution in furnac 200 deg. C. 
Heating of extract in elaine kis 230 deg. C. 
Heating of distillate in exchangers..... . 80 deg. C. 
Heating of raffinate solution in vapor distillate 

ee a 5 deg. C. 
Heating of extract solution in vapor distillate heat 

Ec vacuabvetisecesvecedscesekse sew 130 deg. C. 


Employing selective treatment of lubri- 
cating oil, Soviet refineries will produce the 
following basic grades: transformer oil, 
spindle oil, machine oil, and motor oil “T”’. 
All other grades of lubricants will be 
obtained by blending. 


Technological Indices of Operation 


Consumption of: 
Fuel (from distillate)... . ; ; 4.9 percent 
Fresh steam (from total steam*)... . . 1.95 percent 
Used steam (of total steam). 24.8 percent 
Sea water (per ton of input). . . 235 tons 
Furfural (Per ton of input)... . . 0.25 percent 
Electric power (per ton of input). 69 kw. hr. 
Electric light (per ton of input). 0.5 kw. hr 
Loss of oil: 
Selective treating... .. aes 20 percent 
Acid contact treating... . . peed 5.5 percent 
Acid (to input). . . a, : 2 percent 
Bleaching earth (to input).................. . 2 percent 
“Fresh steam is used for pumps and to evaporate fuel in f 





otherwise used steam is applied from the pumps, s ated to 250 
deg. C. by superheaters placed in the odlewy SS 7 “ 


This installation is for a capacity of 13 ¢ 
vield hom the raw material is 75 percent. ee oe ae oe 


Raw furfural contains acids which may 
corrode the equipment, and must be 
neutralized with calcined soda and refined. 
The extract is heated by open flame, or 
mixed with fresh steam, and goes to the 
rectification tower, the top of which con- 
tains a partial condenser and the bottom 
a reboiler where the hot extract is circu- 
lated. The refining residue is a furfural 
which contains other fractions that boil 
at high temperature, and contains sodium 

| Salts which are removed in a separate 
) installation. 

When the new Russian solvent extraction 
; lubricating oil refining plant described 
} this article was ordered and delivery 
made on time, it was discovered that there 
| ¥as no furfural to operate the installation. 
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JERGUSON 


REFLEX and TRANSPARENT GAGES 
EASY to SEE with the UTMOST FACTOR of SAFETY 


REFLEX GAGES provide maximum visibility : 


The space above the liquid appears WHITE 
The liquid heighth shows BLACK 






















TRANSPARENT GAGES show the color density : 


‘A light behind the column gives a clear check on 
the color of the fluid. 











GLASSLESS INDICATOR: 


In keeping with the progressive policy of this 
company the research department has produced 
a glassless level indicator. Extremely accurate with 
all safety factors. 





JERGUSON GAGE & VALVE CO. 


87 FELLSWAY 
SOMERVILLE, MASS. 








Secure and yet easy 


closing and opening 
is the primary object of 
POLTE Wedge Gate Valves 
and the 


POLTE Double 
Disc Gate Valves 


We make: 


Oil and Benzine Valves 
to American and German 
standards (with flanged or 
screwed ends). 

Special Valves for carbon- 
ization, hydrogenation, 
cracking plants, etc. 

Drilling Valves and all 
other valves for Christ- 








CLAYTON 
TANKS 


FOR OIL STORAGE 





mas trees. 
Lubricated Plug Valves 
with two- or three-way 
Passage. 
And all other kinds ot 
Pipe Line Valves in high. 
grade finish. 


IMPORTANT CONTRACTS 
CARRIED OUT IN- 
GT: BRITAIN, FALKLAND Is 
GIBRALTAR. BERMUDAS 
CEYLON 


; . a Vale) ie) Peed a 


HUNSLET LEEOS, ENGLAND 
LONDON 


POLTE Armaturenfabrik Magdeburg 


Poltestrasse 65-9! Established 1885 OFFICE-2. VICTORIA ST.Swi 
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22 Different Analyses of 
steel for REFINERIES! 








LOW CARBON 
COPPER-STEEL 
USS COR-TEN 
7% MOLY. 
1% MOLY. 


134% SIL. 4 MOLY. 


NICKEL STEEL 
S.A. E. 2315 
S.A.E. 6120 


1%7% CR. 32 MOLY. 


BAIN ALLOY 
2% CR. 3 MOLY. 


Lan 


...a complete 
tube service 


_ Here—available from one source—are the most 
improved pipe and tubes for refinery service. Here 
are regular carbon steel tubes, low chromium and 
4% to 6% chromium tubes, with molybdenum, 
titanium and other alloys and high-chromium, high- 
nickel steels. Tubes for every service—available in 
22 analyses of steel. 


NATIONAL pipe and tubes are made of the 
highest quality steel. They embody the chemical 
composition and physical properties that will give 
you these desirable qualities: Resistance to corro- 
sion. Resistance to oxidation and scaling. Ductility 
for bending and forming. The necessary strength for 
high temperatures and high pressures. 


Take advantage of this complete tube service. It 
has the experience of the largest manufacturer of 
tubular products in the world behind it. 





a 


=~ 





Keep Informe 
on international} 
petroleum 
matters... 

Subscribe to 
WORLD | 
PETROLEUM 








274% CR. 34 MOLY. 
3% CR. 1% MOLY. 


$5.00 for 


4-67% CR. % MOLY. 
4-6% CR. % MO. STABILIZED 


a full year's 


1% CR. % MOLY. 1% SIL. 
2% CR. 2 MOLY. 1% SIL. 
3% CR. % MOLY. 1% SIL. 


subscription... | 
5% CR. % MOLY. 1% sik 
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USS 18-8 


13 copies 





USS 18-8 STABILIZED 


c >) 


oe 


Unitep STATES STEEL Propucts Company 
General Offices: 30 Church Street, New York, N. Y., U.S. A. 
Cable Address: “STEELMAKER, NEW YORK” 


Distributors for export of the products of 
Camegie-Illinois Steel Corporation 
National Tube Company 


NEW YORK LONDON 
56 West 45th St. 3, Savoy My) 





American Steel & Wire Company 


American Bridge Company Tennessee Coal, Iron and Railroad Company | 


——| 
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